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The present invention relates to molecules capable of modulating tyrosine signal transduction to prevent and treat cell prohferative 
disorders or cell differentiation disorders associated with particular tyrosine kinases by inhibiting one or more abnormal tyrosine kinase 
activities. The present invention also provides pharmaceutical compositions and methods for inhibiting cell proliferation of differentiation 
and related disorders. Examples of such disorders include cancers, blood vessel proliferative disorders, psoriasis, hyperimmune response 
and fibrotic disorders. Example ofother disorders include the HER2 disorders, EGF disorders, IGFR disorders, PDGFR disorders, met 
a^rders, SrC disorders, and KDR/FLK-1 disorders described herein. It is to be understood that compounds which are effective for diseases 
related to one TK will also likely be effective for diseases related to other TK's, especially those from the same family. Thus, for example 
compounds shown to have good effect against Her2 are likely to also have good effect against other members of the Her family, i*., EGFR 
Her3,and Her4. 
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DESCRIPTION 



0 



QUINA20LINES AND PHARMACEUTICAL COMPOSITIONS 

Field of thft Inx/ppfinn 

The present invention relates generally to the field of tyrosine kinase 
inhibition. More specifically, the present invention relates to the use of 
small organic molecules to prevent and treat cell proliferative disorders or 
cell differentiation disorders associated with particular tyrosine kinases by 
inhibiting one or more abnormal tyrosine kinase activities. 

B ackground of the Im/Pntinn 

Cellular signal transduction is a fundamental mechanism whereby 
external stimuli that regulate diverse cellular processes are relayed to the 
interior of cells. Reviews describing intracellular signal transduction 
include Aaronson, Science, 254:1146-1153, 1991; Schlessinger, Trends 
Biochem. Sci, 73:443-447, 1988; and Ullrich and Schlessinger, Cell 
61:203-212, 1990. One of the key biochemical mechanisms of signal 
transduction involves the reversible phosphorylation of tyrosine residues 
on proteins. The phosphorylation state of a protein is modified through the 
reciprocal actions of tyrosine kinases (TKs) and tyrosine phosphatases 
(TPs). 

Tyrosine kinases can be of the receptor type (having extracellular, 
transmembrane and intracellular domains) or the non-receptor type (being 
wholly intracellular). There are 19 known families of receptor tyrosine 
kinases including the Her family (EGFR, Her 2, Her 3, Her 4), the insulin 
receptor family (insulin receptor, IGF-1R, insulin-related receptor), the 
PDGF receptor family (PDGF-Ra and p, CSF-1R, kit, Flk2), the Flk family 
(Flk-1, Flt-1, Flk-4), the FGF-receptor family (FGF-Rs 1 through 4), the Met 
family (Met, Ron), etc. There are 11 known families of non-receptor type 
tyrosine kinases including the Src family (src, yes, fyn, lyn, Ick, blk, Hck, Fgr 
yrk), Abl family (Abl.Arg), Zap 70 family (Zap 70, Syk) and Jak family (Jak 1 ' 
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Jak 2, Tyk 2, Jak 3). Many of these tyrosine kinases have been found to be 
mvolved in cellular signalling pathways leading to pathogenic conditions 
such as cancer, psoriasis, hyperimmune response, etc. 

Protein tyrosine kinases play an important role in cellular signaling 
. Pathways that regulate the control of cell growth and differentiation (for 
review, see Schlessinger & Ullrich, 1992, Neuron, 9:383-391) Aberrant 
expression, or mutations in receptor tyrosine kinases (RTKs) have been 
shown to lead to either uncontrolled cell proliferation (e.g. malignant tumor 
growth) to defects in key developmental processes or defects in normal 
sunval tanas. In some instances, a single tyrosine kinase can inhibit or 
stimulate, cell proliferation depending on the cellular environment in which 
rt .s expressed. Consequently, the biomedical community has expended 
s.gn,f,cant resources to discover the specific biological role of members of 
the TK family of enzymes, their function in differentiation processes their 
involvement in tumorigenesis and in other diseases, the biochemical 
mechanisms underlying their signal transduction pathways activated upon 
hgand stimulation and the development of novel antineoplastic drugs. 

Attempts have been made to identify TK "inhibitors- using a variety of 
approaches, including the use of mutant ligands (U.S. Application No 
4,966,849), soluble receptors and antibodies (Application No WO 
94/10202; Kenda.l & Thomas, 1994, Proa. Natl Acad. Sci 9010705-09- 
K.m, et al., 1993, Nature 362:841-844), RNA ligands (Je.linek, et al 19 
Biochemistry 33:10450-56), protein kinase C inhibitors (Schuchter et al 
1991, Cancer Res. 51:682-687); Takano, et al., 1993, Mol. Bio. Cell 4358A- 
KinseHa, 20 et a.., 1992, Exp. Cell Res. 199:56-62; Wright, et a. 1992 J. 
Cellular Phys. 152:448-57) and tyrosine kinase inhibitors (WO 94/03427- 
WO 92/21660; WO 91/15495; WO 94/14808; U.S. Patent No. 5 330 992- 
Mariani,etal., 1994, Proc. Am. Assoc. Cancer Res. 25 35:2268). ' ' ' 

Attempts have also been made to identify small molecules which act 
as tyrosine kinase inhibitors. For example, bis monocyclic, bicyclic or 
heterocyclic ary, compounds (PCT WO 92/20642), vinylene-azaindole 
derivatives (PCT WO 94/14808) and l-cyc.oproppyM-pyridy.-guino.ones 
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(U.S. Patent No. 5,330,992) have been described generally as tyrosine 
kinase inhibitors. Styryl compounds (U.S. Patent No.5,21 7,999), styryl- 
substituted pyridyl compounds (U.S. Patent No. 5,302,606), certain 
quinazoline derivatives (EP Application No. 0 566 266 Al), seleoindoles 
and selenides (PCT WO 94/03427), tricyclic polyhydroxylic compounds 
(PCT WO 92/21660) and benzylphosphonic acid compounds . (PCT WO 
91/15495) have been described as compounds for use as tyrosine kinase 
inhibitors for use in the treatment of cancer. 

SUMMARY OF THF IMUFMTinM 

The present invention relates to molecules capable of modulating 
tyrosine kinase signal transduction to prevent and treat disorders 
associated with particular tyrosine kinases by inhibiting one or more 
abnormal tyrosine kinase activities. Particular disorders treatable by the 
disclosed compounds include proliferative disorders, disorders and/or 
disorders wherein cell survival is abnormal. 

More specifically, the invention is generally directed to compounds 
having the formulae: 




and pharmaceutically acceptable salts thereof, wherein: 

R, and R 2 are independently selected from the group consisting of: H, alkyl 
(1-4) ester, carboxamide and (CH 2 ) n (a cyclic group) 

n is 1,2, 3 or 4; and 
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are independently selected from the group consisting of: OH alkyl 
alkoxy, halo, trihalomethyl, cyano, nitro, suifonyl, carboxy, carboxamide 
amide, and sulfonamide. 



Examples of preferred compounds include 




Br 



MeO. 

J J i 



The present invention also provides pharmaceutical compositions 
and methods for inhibiting cel. proliferation or differentiation and " 
disorders. Examples of such disorders include cancers, blood Tsel 
prol.ferat.ve disorders, psoriasis, hyperimmune response and fibrotfc 
d sorders. Examp.e of other disorders include the HER2 disorders EGF 

rr d DGF " disordersi met disord - src d ^ 

and KDR/FLK-1 d.sorders descnbed herein. It is to be understood tha 
compounds which are effective for diseases related to one RTK J, a so 
kehy be effective for diseases related to other TK's, especially those from 
the same family. Thus, for examp.e, compounds shown to have good 
against He* are likely to also have good effect against other meTbe" o 
the Her family, i.e., EGFR, Her3, and Her4. 
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Chemical Dflfinitjnnft 



The following is a list of some of the definitions used in the present 
disclosure. An "alkyl" group refers to a saturated aliphatic hydrocarbon, 
including straight-chain, branched-chain, and cyclic alkyl groups. 
Preferably, the alkyl group has 1 to 12 carbons. More preferably, it is a 
lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 caibons. The alkyl 
group may be substituted or unsubstituted. When substituted the 
substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 , 
N(CH 3 ) 2 , amino, or SH. 

An "alkenyl" group refers to an unsaturated hydrocarbon group 
containing at least one carbon-carbon double bond, including straight- 
chain, branched-chain, and cyclic groups. Preferably, the alkenyl group 
has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 7 
carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 , halogen, N(CH 3 ) 2 , amino, 
or SH. An "alkynyl" group refers to an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably, it is a lower alkynyl of from 1 to 7 carbons, 
more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted, the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, N0 2 , N(CH 3 ) 2 , amino or SH. 

An "alkoxy" group refers to an "-O-alkyl" group, where "alkyl" is 
defined as described above. 

An "aryl" group refers to an aromatic group which has at least one ring 
having a conjugated pi electron system and includes carbocyclic aryl, 
heterocyclic aryl and biaryl groups, all of which may be optionally 
substituted. Preferably, the aryl is a substituted or unsubstituted phenyl or 
pyridyl. Preferred aryl substituent(s) preferably phenyl or pyridyl) are 
halogen, trihalomethyl, hydroxyl, SH, OH, N0 2 , amine, thioether, cyano, 
alkoxy, alkyl, and amino groups. 
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An-dkylayl- group refers to an alky, (as described above), eovalently 
!Z C ^ ^ d6SCrib9d *"* "*""»■ - a ^ "i a 
■Carbooyclic aryl- groups are groups wherein the ring atoms on the 

are a " — ' a,oms - The — -r - « 

. -Heterocyotio aryl- groups are groups having from , to 3 heteroa.oms 
as nng atoms in the aromatio ring and the remainder of the ring atoms 2 

.0 aT^T, SU,tab,e h9 ' 9r0a, ° mS ^ - "«™ 9 en 

10 and .nelude furany,, thtenyf, pyridyi, pyrrolyt, N-,o„er aikyl pyrL 

pynmtdyl pyrazinyl, imidazolyl and the like, ali optionally subsfltuted 

An -amide- refers to an O(0)-NH.R. where R is either aikyl, aryl 
alkylatyl or hydrogen. ' ' ™ 

A thioamide- refers to -C(S,-NH-R, where R is either alky,, aryl 
-5 a, ytery, or hydrogen. An W refers to an -C(0,-OR., where R' I el 
aikyl, aryl, or alkylaryl. 

An -amine- refers ,o a -N(R")R.», where R .. and R „, „ ind 
e,ther hydrogen, aikyl, aryl, or alkylaryl, provided that R» and R'" are not 
both hydrogen. 

A "mioemer- refers to -S-R, where R is either alky,, ary,. or a,ky,ary,. 

a,ky,at 8U "° nam ' de " " *" ^ "* " 

Other features and advantages of the invention will be apparent from 
25 da^s deSCNP,i0n "" Pre,9rrea emb ° dimen,S ^ a "« »• 
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DESCRIPTION OF THF PRPPPp ^Ep FMRnp| M Ftf rc 

I. Cell Proliferative and OpII Differentiation Disorde r* 

Cell proliferative and cell differentiation disorders, which can be 
treated or further studied by the present invention include any disorder 
associated with a tyrosine kinase signalling pathway, for example cancers, 
blood vessel proliferative disorders, psoriasis, hyperimmune response and 
fibrotic disorders. These disorders are not necessarily independent. For 
example, fibrotic disorders may be related to, or overlap, with blood vessel 
proliferative disorders. For example, atherosclerosis (which is 
characterized herein as a blood vessel disorder) results, in part, in the 
abnormal formation of fibrous tissue. 

Blood vessel proliferation disorders refer to angiogenic and 
vasculogenic disorders generally resulting in abnormal proliferation of 
blood vessels. The formation and spreading of blood vessels, or 
vasculogenesis and angiogenesis respectively, play important roles in a 
variety of physiological processes such as embryonic development, wound 
healing and organ regeneration. They also play a role in cancer 
development. Examples of blood vessels disorders includecancer, 
restenosis, retinopathies, and atherosclerosis. 

Fibrotic disorders refer to the abnormal formation of extracellular 
matrix. Examples of fibrotic disorders include hepatic cirrhosis and 
mesangial cell proliferative disorders. Hepatic cirrhosis is characterized by 
the increase in extracellular matrix constituents resulting in the formation of 
a hepatic scar. Hepatic cirrhosis can cause diseases such as cirrhosis of 
the liver. An increased extracellular matrix resulting in a hepatic scar can 
also be caused by viral infection such as hepatitis. Lipocytes appear to play 
a major role in hepatic cirrhosis. 

Mesangial cell proliferative disorders refer to disorders brought about 
by abnormal proliferation of mesangial cells. Mesangial proliferative 
disorders include various human renal diseases, such as 
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glomerulonephritis, diabetic nephropathy, malignant nephrosclerosis 
thrombotic microangiopathy syndromes, transplant rejection and 
glomerulopathies. PDGFR has been implicated in the maintenance of 
mesangial cell proliferation. (Floege, J. et a.., m^Mm^m! 438:47- 
o** (1993)) 

HER2, EGFR, IGFR, PDGFR, met, src and KDR/FLK-1 driven cancers 
and disorders are described in detail below and are a preferred subset of 
the disorders to be treated. A cancer cell refers to various types of 
malignant neoplasms, most of which can invade surrounding tissues and 
may metastasize to different srtes, as defined by Stedman's Medical 
Dictionary 25th edition (Hensyl ed. 1990). 

A. HER2 Cell Proliferation Qigp^ 

The HER-2 protein is a member of the class I receptor tyrosine kinase 
RTK) family. Yarden and Ullrich, Annu, Rev Bio^m, 57:443, 1988- 
Ullnch and Schiessinger, £ejl 61:203, 1990. HER-2 protein is structurally 
related to EGF-R, pl80(HER-3), and P 180(HER-4). Carraway, et al M 
78:5, 1994; Carraway, et al., i L_Bi e i_Oiem. 269:14303, 1994 These 
receptors share a common molecular architecture and contain two 
cysteme-rich regions within their cytoplasmic domains and structurally 
related enzymatic regions within their cytoplasmic domains. 

Activation of HER-2 protein can be caused by different events such as 
Lgand-stimulated homodimerization, ligand-stimulated hetero-dimerization 
and l.gand-independent homo-dimerization. Ligand-stimulated hetero- 
d.menzation appears to be induced by EGF-R to form EGF-R/HER-2 
complexes and by neu differentiation factor/heregulin (NDF/HRG) to form 
HER-2/HER-3 and/or HER2/HER-4 complexes. Wada et al., m 61-1 339 
1990; Slikowski et al., J^ioL£hem. 269:14661, 1994; Plowman et al ' 
Nature 266:473, 1993. Ligand-dependent activation of HER-2 protein is' 
thought to be mediated by neuactivating factor (NAF) which can directly 
b.nd to P 165(HER-2) and stimulate enzymatic activity. Douga.l et a. 
Qoooaene 9:2109, 1994; Samata et a.., PlQC JMi ^ ea d__ScL_ilM 
91:1711, 1994. Ugand-independent homodimerization of HER-2 protein 
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and resulting receptor activation is facilitated by over-expression of HER-2 
protein. 

HER-2 protein substrates are acted upon by activated HER-2 
complexes such as HER-2/EGF-R, HER-2/HER-2, HER2/HER-3, and HER- 
5 2/HER-4 activated complexes. An activated HER-2 complex acts as a 
phosphokinase and phosphorylates different cytoplasmic proteins. 
Examples of HER-2 substrates include, IP 3 kinase and PI 4-kinase. Scott et 
aI - Journal of Biological Cheipjstry 22:14300, 1991. Proteins bind to an 
activated HER-2 complex and then another protein. For example, GRB-7 
10 binding to a HER-2 complex may be sufficient to initiate the GRB-7 
signaling pathway without phosphorylation. Stein et al., EMBO Journal 
13:1331,1993. * 

Thus, HER-2 protein activities include: (1) phosphorylation of HER-2 
protein, HER-3 protein or HER-4 protein; (2) phosphorylation of a HER-2 

15 protein substrate; (3) interaction with a HER-2 adapter protein; and/or (4) 
HER-2 protein surface expression. Additional HER-2 protein activities can 
be identified using standard techniques. For example, a partial agonistic 
monoclonal antibody recognizing HER-2 protein can be used to activate 
HER-2 protein and examine signal transduction of HER-2 protein. Scott et 

20 al - Journal of Biological Chemistry 22:14300, 1991 . HER2 activity can be 
assayed by measuring one or more of the following activities: (1) 
phosphorylation of HER2; (2) phosphorylation of a HER2 substrate; (3) 
activation of an HER2 adapter molecule; and (4) increased cell division. 
These activities can be measured using techniques described below and 

25 known in the art. 

HER2 driven disorders are characterized by inappropriate or over- 
activity of HER2. Inappropriate HER-2 activity refers to either: (1) HER2 
expression in cells which normally do not express HER2; (2) increased 
HER-2 expression leading to unwanted cell proliferation such as cancer; 
30 (3) increased HER-2 activity leading to unwanted cell proliferation, such as 
cancer; and/or overactivity of HER-2. Over-activity of HER2 refers to either 
an amplification of the gene encoding HER2 or the production of a level of 
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HER2 activity which can be correlated with a cell Droller * 
as the .eve. of HER2 increases the severitv of ^ 
of the ce„ probative .sorter S « ~ 
typically ce„ pro.iferative or differentiation Tr^L "* 
5 driVen appear to be responsible Ta I CanC6fS ' 

*rent types of cancer, For examp.e, as Z^Z^ " 
ound about 30% of breast cancer cells to have * 
expression. Slamon et al aic«*«,.^ " leasee. HER2 gene 

amnion a„ d ^Zr^ ^ "« ^ 
™ Treatment of patients suffering from a HER? Hie w 

an overactivity of HER2 After th« w „ • charactenzed by 

procedures wall known t0 medioa , do jl" Tt ° ,he ' r sym P' 0 ^ "sing 
.Hen be treate d as deecrtbed — * «" 

breast cancer is preferred became, ^r"'^ '° 
breast cancar. Carcinoma of the breast is 1 7 SeVe ' i,y °' 

™>men and tnair sacon d , ** ca ™ among 

^ 259:618-62, 199 , 1 ! " ^ ** 
- ^ovar, tep as,a:i 1 ^rZr reaS,CanCerhaSb98n 

cancers, incraasari HER2 a ctiv«v or d addi "° n '° breast 

-h certain types o, J^ZZTT ^ 
*n d adenocarcinomas, 
» 9as,nc cancers, coioracta, cancers, 

°< — *- -cars ZZe Ztl T " 
activity of HER2. cr| aractenzed by over- 

B. EfjPRn;o nr ^ nn 

D Some of the featured compounds can k 

pro,ite ra , 1V a antfor ce„ ~ 
'"appropriate EGFR activity, ■.nappropria.e B^L T *" by 
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EGFR; (2) EGF expression by cells which normally do not express EGF; (3) 
increased EGF-receptor (EGFR) expression leading to unwanted cell 
proliferation; (4) increased EGF expression leading to unwanted cell 
proliferation; and/or (5) mutations leading to constitutive activation of EGF- 
5 receptor (EGFR) The existence of inappropriate or abnormal EGF and 
EGFR levels or activities is determined by procedures well known in the art. 

An increase in EGF activity or expression is characterized by an 
increase in one or more of the activities which can occur upon EGF ligand 
binding such as: (1) EGF-R dimerization; (2) auto-phosphorylation of EGFR; 

10 (3) phosphorylation of an EGFR substrate (e.g., PLC, see Fry supra) , (4) 
activation of an adapter molecule, and/or (5) increased cell division. These 
activities can be measured using techniques described below and known 
in the art. For example auto-phosphorylation of EGFR can be measured as 
described in the examples below using an anti-phosphotyrosine antibody, 

15 and increased cell division can be performed by measuring 3 H-thymidine 
incorporation into DNA. Preferably, the increase in EGFR activity is 
characterized by an increased amount of phosphorylated EGFR and/or 
DNA synthesis. 



20 



Unwanted cell proliferation and/or differentiation can result from 
inappropriate EGFR activity occurring in different types of cells including 
cancer cells, cells surrounding a cancer cell, and endothelial cells. 
Examples of disorders characterized by inappropriate EGF activity include 
cancers such as glioma, head, neck, gastric, lung, breast, ovarian, colon, 
and prostate; and other types of cell proliferative disorders such as 
25 psoriasis. 

C. IGR Disorders 

The insulin-like growth factor I receptor belongs to the family of 
transmembrane tyrosine kinase receptors such as platelet-derived growth 
factor receptor, the epidermal growth factor receptor, and the insulin 
30 receptor. The insulin-like growth factor family of ligands, receptors and 
binding proteins is reviewed in Krywicki and Yee, Breast Can^r R PCQQ ^ h 
and Treatment 22:7-19, 1992. 



25 



30 
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IGF-1R has been implicated as an a hc n i, , 
^mema„d m aNn^eo. t he Jlt^^ h reqU ' reman, ** 

5 ^ se and re " uiar ~" ^ — £ ^ T e 

Lorenano et al. Abstrart ioqa c~ . ^«.er ceils. Sepp- 

i^::rr n9 ,hs ro,e * ,gf - ir * 

and a„ t , b „ di es ,o the IGMR « TT 

act,v,ty leading to unwanted cell proliferation such , ' GF 
> activity o, IGF, Over-aCMty o, IGF ^ ° Ver " 

9sne encoding IGF or the product o a lel * I " TT^ °* "» 
correlated w«h a oe„ proliferate dilol ' ? T* " 

increases the seventy of one or mora mf' ' °' IGF 

proliferative disorder increases). ExamZ onGF d * 
the various IGF related huJ , 9 " dis0rdere "dude 

^ «s entiraty, incluaing ^ d all I ^ ^ 

plating ostoohlastUon " ZZ £££7™ ** "* 
MsiiSte 234:535-542, tgg 3 . 4 'toaLsLlntsaal 

~:;a^ 

adapter protein; andfor (4, IGF protein Z^TjT ' " 

Protein acMies can be identified using standard^ *' IGF 

can be assayed by measuring one or nTra « 17 , "T "* ^ 

pnospho„a,ion o, «> ,2,^0;:: o, rr s s r ies: (,) 

actuation of an IGF adapter molecule a „H 1 ^ <3) 

known in the art. ascribed below and 
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D. KDR/F1 K- 1 Disorders 

Two structurally related RTKs have been identified to bind VEGF with 
high affinity: the fmslike tyrosine 1 (flt-l) receptor (Shibuya et al., 1990, 
oncogene 5:519-524; De Vries et al., 1992, Science 255:989-991) and the 
KDR/FLK-1 receptor. Vascular endothelial growth factor (VEGF) has been 
reported to be an endothelial cell specific mitogen with in vitro endothelial 
cell growth promoting activity. Ferrara & Henzel, 1989, Biochein. Biophys. 
Res. Comm. 161:851-858; Vaisman et al., 1990, J. Biol. Chem. 265:19461- 
19566. Information set forth in U.S. Application Serial Nos. 08/193,829, 
08/038,596 and 07/975,750, strongly suggest that VEGF is not only 
responsible for endothelial cell proliferation, but also is the prime regulator 
of normal and pathological angiogenesis. See generally, Klagsbum & 
Soker, 1993, Current Biology 3(10)699-702; Houck, et al., 1992, J. Biol. 
Chem. 267:26031-26037. 

Normal vasculogenesis and angiogenesis play important roles in a 
variety of physiological processes such as embryonic development, wound 
healing, organ regeneration and female reproductive processes such as 
follicle development in the coipus luteum during ovulation and placental 
growth after pregnancy. Folkman & Shing, 1992, J. Biological Chem. 
267(16) : 10931 -34. Uncontrolled vasculogenesis and/or angiogenesis has 
been associated with diseases, such as diabetes, as well as malignant 
solid tumors that rely on vascularization for growth. Klagsburn & Soker, 
1993, Current Biology 3(10) :699-702; Folkham, 1991, J. Natl., Cancer Inst. 
82:4-6; Weidner, et al., 1991, New Engl. J. Med. 324:1-5. 

The surmised role of VEGF in endothelial cell proliferation and 
migration during angiogenesis and vasculogenesis indicate an important 
role for the KDR/FLK-1 in these processes The invention is further based on 
the observation that diseases such as diabetes mellitus (Folkman, 198, in 
Xlth Congress of Thrombosis and Haemostasis (Verstraeta, et al., eds.) pp. 
583-596, Leuven University Press, Leuven) and arthritis, as well as 
malignant tumor growth may result from uncontrolled angiogenesis. See 
e.g., Folkman, 1971, N, Engl. J. Med. 285:1182-1186. The receptors to 
which VEGF specifically binds are an important and powerful therapeutical 
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of compounds which may be used to regulate the human signal 
transduction pathway, and more specifically, activity related to the KDR 
receptor. Chemical compounds identified as inhibitors of KDR/FLK-1 in 
yjtjSL will be confirmed in suitable in vivo models. Both in vivo mouse and 
rat animal models have been demonstrated to be of excellent value for the 
examination of the clinical potential of agents acting on the KDR/FLK-1 
induced signal transduction pathway. 

This invention is therefore directed to compounds which regulate, 
modulate and/or inhibit vasculogenesis and/or angiogenesis by affecting 
the enzymatic activity of the KDR/FLK-1 receptor and interfering with the 
signal transduced by KDR/FLK-1 . More particularly, the present invention 
is directed to compounds which regulate, modulate and/or inhibit the 
KDR/FLK-1 mediated signal transduction pathway as a therapeutic 
approach to cure many kinds of solid tumors, including but not limited to 
glioblastoma, melanoma and Kaposi's sarcoma, and ovarian, lung, 
mammary, prostate, pancreatic, colon and epidermoid carcinoma. In 
addition, data suggest the administration of compounds which inhibit the 
KDR/FLK1 mediated signal transduction pathway to the treatment of 
hemangioma and diabetic retinopathy. 

The invention also relates to the inhibition of vasculogenesis and 
angiogenesis via other receptor-mediated pathways, including the pathway 
comprising the highly related flt-l receptor. Receptor tyrosine kinase 
mediated signal transduction is initiated by extracellular interaction with a 
specific growth factor (ligand), followed by receptor dimerization, transient 
stimulation of the intrinsic protein tyrosine kinase activity and 
autophosphorylation. Binding sites are thereby created for intracellular 
signal transduction molecules and lead to the formation of complexes with 
a spectrum of cytoplasmic signalling molecules that facilitate the 
appropriate cellular response. (E.g., cell division, metabolic effects to the 
extracellular microenvironment) See, Schlessinger and Ullrich, 1992, 
Neuron 9:1-90 
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The met gene is selectively expressed in several epithelial 
tissues and high levels of met mRNA have been found in liver, 
gastrointestinal tract, thyroid and kidney. Normal or increased levels of met 
mRNA and met Protein were consistently found in fresh samples of 
5 carcinomas as well as epithelial tumor cell lines and in thyroid carcinomas 
of a specific histiotype. The amount of met protein Was found to be 
increased more than 100 fold suggesting a role in growth control of 
epithelial cells other than hepathocytes and suggest the increase in 
expression may convert growth advantage to neoplasm cells. Renzo et al., 
10 Oncogene 6:1997-2003, 1991. 

The c-met oncogene is expressed not only in hepatocytes but 
also in a variety of tissues and over expression of c-met is found in some 
cell lines and tumors. It is amplified and overexpressed in a gastric 
carcinoma cell line, gtl-16 and it has been reported that the expression of c- 
1 5 met is enhanced in colorectal, gastric and thyroid cancer. The met gene is 
overexpressed in some cases of human leukemia and lymphoma. See 
Jucker et al. Leukemia Res. , 18:7-16, 1994. Expression of the met gene 
was detected in patients with Hodgkins disease, Burkitt's, lymphoma cell 
line and acute myeloid leukemia. Expression of c-met encoded HGFR in 
human melonocytic neoplasms has been used to demonstrate the 
relationship to malignant tumor progressions. Natali, Br. J. Cannpr 68:746- 
750, 1993. 

The role of c-met in human tumors is review in Giordano et al., 
European ,lml. Cancer Prevention , 1:45-49, 1992. Examples of human 
25 tumors believed to be associated with c-met include colon cancer tumor, 
epithelial tumors, gastrointestinal tumors, thyroid tumors, and others. The 
expression of HGFR in human pancreatic cancer is described in Renzo et 
al., Pancer Res. , 55:1129-1138, 1995. The TPR/MET oncogenic 
rearrangement is present and expressed in human gastric carcinoma and 
precursor legion, see Soman et al., Proc. Natl Argd. Sci USA 88:4892- 
4896, 1991. It has been reported that HGF gene deletion leads to death 
knockout mice see pioworld Today February 24, 1995. The molecular 
characteristics of HGF-SF and its role in cell motility and invasion is 
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driving the disorder. Test compounds should be more potent in inhibiting 
receptor tyrosine kinase activity than in exerting a cytotoxic effect (e^, an 
ICgo/LDa, of greater than one). As noted above, in section II.F. infra IC^ and 
LDjo can be measured by standard techniques, such as described in the 
present application and using an MTT assay as described by Mossman 
supra, or by measuring the amount of LDH released (Korzeniewski and 
Callewaert, J. supra; Decker and Lohmann-Matthes, supra). The degree of 
ICa/LDso of a compound should be taken into account in evaluating the 
diagnostic assay. Generally, the larger the ratio the more reliable the 
information. Appropriate controls to take into account the possible cytotoxic 
effect of a compound, such as treating cells not associated with a cell 
proliferative disorder (e^, control cells) with a test compound, can also be 
used as part of the diagnostic assay. 

III. Pharmaceutical Formulations an d Modes of Administrating 

The particular compound that affects the protein complexes and the 
disorder of interest can be administered to a patient either by themselves, 
or in pharmaceutical compositions where it is mixed with suitable carriers 
or excipient(s). In treating a patient exhibiting a disorder of interest, a 
therapeutically effective amount of a agent or agents such as these is 
administered. A therapeutically effective dose refers to that amount of the 
compound that results in amelioration of symptoms or a prolongation of 
survival in a patient. 

Toxicity and therapeutic efficacy of such compounds can be 
determined by standard pharmaceutical procedures in cell cultures or 
experimental animals, for determining the LD^ (the dose lethal to 50% 
of the population) and the ED*, (the dose therapeutically effective in 50% of 
the population). The dose ratio between toxic and therapeutic effects is the 
therapeutic index and it can be expressed as the ratio LD^/ED^. 
Compounds which exhibit large therapeutic indices are preferred 5 . The 
data obtained from these cell culture assays and animal studies can be 
used in formulating a range of dosage for use in human. The dosage of 
such compounds lies preferably within a range of circulating concentrations 
that include the ED S0 with little or no toxicity. The dosage may vary within 
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transmucosal, or intestinal administration; parenteral delivery, including 
intramuscular, subcutaneous, intramedullary injections, as well as 
intrathecal, direct intraventricular, intravenous, intraperitoneal, intranasal, 
or intraocular injections, just to name a few. For injection, the agents of the 
invention may be formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks's s6lution, Ringer's 
solution, or physiological saline buffer. For such transmucosal 
administration, penetrants appropriate to the barrier to be permeated are 
used in the formulation. Such penetrants are generally known in the art. 

Use of pharmaceutical^ acceptable carriers to formulate the 
compounds herein disclosed for the practice of the invention into dosages 
suitable for systemic administration is within the scope of the invention. 
With proper choice of carrier and suitable manufacturing practice, the 
compositions of the present invention, in particular, those formulated as 
solutions, may be administered parenterally, such as by intravenous 
injection. The compounds can be formulated readily using 
pharmaceutical^ acceptable carriers well known in the art into dosages 
suitable for oral administration. Such carriers enable the compounds of the 
invention to be formulated as tablets, pills, capsules, liquids, gels, syrups, 
slurries, suspensions and the like, for oral ingestion by a patient to be 
treated. 

Agents intended to be administered intracellular^ may be 
administered using techniques well known to those of ordinary skill in the 
art. For example, such agents may be encapsulated into liposomes, then 
administered as described above. Liposomes are spherical lipid bilayers 
with aqueous interiors. All molecules present in an aqueous solution at the 
time of liposome formation are incorporated into the aqueous interior. The 
liposomal contents are both protected from the external microenvironment 
and, because liposomes fuse with cell membranes, are efficiently delivered 
into the cell cytoplasm. Additionally, due to their hydrophobicity, small 
organic molecules may be directly administered intracellularly. 
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carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, 
disintegrating agents may be added, such as the cross-linked polyvinyl 
pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate. 

Dragee cores are provided with suitable coatings. For this purpose, 
concentrated sugar solutions may be used, which may optionally contain 
gum arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, 
and/or titanium dioxide, lacquer solutions, and suitable organic solvents or 
solvent mixtures. Dyestuffs or pigments may be added to the tablets or 
dragee coatings for identification or to characterize different combinations 
of active compound doses. 

Pharmaceutical preparations which can be used orally include push- 
fit capsules made of gelatin, as well as soft, sealed capsules made of 
gelatin and a plasticizer, such as glycerol or sorbitol. The push-fit capsules 
can contain the active ingredients in admixture with filler such as lactose, 
binders such as starches, and/or lubricants such as talc or magnesium 
stearate and, optionally, stabilizers. In soft capsules, the active compounds 
may be dissolved or suspended in suitable liquids, such as fatty oils, liquid 
paraffin, or liquid polyethylene glycols. In addition, stabilizers may be 
added. 

Dosage amount and interval may be adjusted individually to provide 
plasm levels of the active moiety which are sufficient to maintin the kinase 
modulating effects, or minimaal effective concentration (MEC). The MEC 
will vary for each compound but can be estimated from in vitro data; eg the 
concentrtion necessary to achieve a 50-90% inhibition of the kinase using 
the assays described herein. Dosages necessary to achieve the MEC will 
depend on individual characteristics and route of administration. However, 
HPLC assays or bioassays cn be used to determine plasma 
concentrations. 

Dosage intervals can also be determined using the MEC value. 
Compounds should be administered using a regimen which maintains 
plasma levels above the MEC for 10-90% of the time, preferably between 
30-90% and most preferably between 50-90%. 
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EXAMPLES 
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GROUP I - CHEMICAL SYNTHESIS EXAMPLES 

Exam plp 1 

6,7-dimethoxy-4-f1-(3-bromophenyl)-l- 
(methoxycarbonyl)methyl]quina2oline 
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can be carried with bases such as sodium amide, lithium diisopropyiamide 
or potassium bis(trimethylsily)amide in solvents such as tetrahydrofuran or 
dimethylforamide. 



Example 2 

6,7-dimethoxy-4-(3-bromobenzyl)quinazoline 

Saponification of 6,7-dimethoxy-4-[1 -(3-bromophenyl)-l - 
methoxycarbonylmethyl]quinazoline in methanol and aqeous sodium 
hydroxide solution yielded 6,7-dimethoxy-4-bromobenzylquinazoline as a 
white solid after silica gel column purification. of the crude M P 116 2 - 
116.5 °C. 



Example 3 to Example 9 are prepared acccording the same synthesis 
protocol as decribed for Examples 1 and 2 from the corresponding esters 
and chloroquinazoline. 



Example 3 

6,7-dimethoxy-4-(4-bromobenzyl)quinazoline 
Example 4 

6,7-dimethoxy-4-(3-trifluoromethylbenzyl)quinazoline 



Example s 

6,7-dimethoxy-4-(4-trifluoromethylbenzyl)quinazoline 
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Example g 



4-(4^yanoben2yl)-6,7.dimethoxyquina2oline 



ExamplR 7 

5 4-(3-cyanobenzyl)-6,7-dimethoxyquina2olii 



me 



Exam ple r 

4-(3-bromoben2yl)-6-methylquina 2 oline 

10 Exampta p 

4-(4-cyanophenyl)-6-methylquina2oline 

Examp l p -|n 

e.T-dimethoxy-^d-phenylcyclopropyOquinazoli, 
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quinazoline. 
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Examples 11 to 13 are prepared under the similar conditions as described 
for Example 10 from the corresponding substituted phenylcyclopropanes. 

Example 1 1 

4-[1*(3-bromophenylcyclopropyl)-67-dimethoxyquinazoline 
Example 13 

6,7-dimethoxy-4-[1-(3-trifluoromethylphenylcyclopropyl)]quina2oline 
Example 13 

6,7-dimethoxy-4-[1-(4-trifluoromethyl)phenylcyclopropyl)]quina2oline 
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Example R1 

1 6,7-dimethoxy 
bromophenylmethoxycarbonylmethy 



R2 
3- 



2 


6,7-dimethoxy 


3-bromobenzyl 


3 


6,7-dimethoxy 


4-bromobezyl 


4 


6,7-dimethoxy 


3-trifluoromethylbenzyl 


5 


6,7-dimethoxy 


4-trifluoromethylbenzyl 


6 


6,7-dimethoxy 


4-cyanobenzyl 


7 


6,7-dimethoxy 


3-cyanobenzy| 


8 


6-methyl 


3-bromobenzyl 


9 


6-methyl 


4-cyanobenzyl 


10 


6,7-dimethoxy 


1-phenylcyclopropy| 


11 


6,7-dimethoxy 


3-bromophenylcyclopropy| 


12 


6,7-dimethoxy 


3-trifluoromethylphenylcyclopropy| 


13 


6,7-dimethoxy 


4-trifluoromethylphenylcyclopropy| 
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and Lohmann-Matthes, supra). The degree of IC50/LD50 of a compound 
should be taken into account in evaluating the diagnostic assay. Generally, 
the larger the ratio the more reliable the information. Appropriate controls 
to take into account the possible cytotoxic effect of a compound, such as 
treating cells not associated with a cell proliferative disorder (e.g., control 
cells) with a test compound, can also be used as part of the diagnostic 
assay. 

The following examples illustrates the ability of the exemplary 
compounds to inhibit receptor tyrosine kinases, such as HER2 and/or 
EGFR. The following target cells were used for cellular kinase assays: 
NIH3T3 clone C7 (Honegger et al., supra) engineered to over-express 
human EGF receptor; NIH3T3 cells engineered to over-express a chimeric 
receptor containing the EGFR extracellular domain and the HER2 
intracellular kinase domain; the human mammary carcinoma line BT474 
(ATCC HTB2) expressing HER2; and the human glioblastoma line U1242 
that expresses PDGFR-beta. Growth assays were carried out using human 
mammary epithelial SKBR3 (ATCC HTB30) cells (SKBR3 cells over- 
express HER2), SKOV3 (ATCC HTB77) human ovarian cancer cell line 
(SKOV3 cells also over-express HER2), A431 cells (A431 cells over- 
express EGFR) MCF7 human breast carcinoma cells, MCF7 cells 
overexpressing the HER2 kinase (MCF7-HER2), NIH3T3 cells, and NIH3T3 
cells overexpressing the HER2 kinase (3T3-HER2. 

The assay procedures described below were used to generate the 
data in the tables showing the effectiveness of the compounds of the 
present invention. 
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GROUP II ELISA TYPE ASSAYS 
EXAMPLE 1: 
EGFR Whole Cell Kinaso ftjgay 



5 



. EGFR kinase activity (EGFR-3T3 assay) in whole cells wa, 
measured as described below: Was 

Materials & Reagents 

" uTjE* S,0CkMn0en,ra,i ° n " ,6 ' 5 « EGF 201. TOYOBO, Co., 

) 

2) 05-101 (UBI) (a monoclonal antibody recognizing an EGFR 
extracellular domain). 

3) Anti-Phosphotyosine antibody (polyclonal) (made according to 
Fendley^Ul., QamSLBss^ 50: 1550-1558, 1990). 

4) TAGO antibody: Goat anti-rabbit IgG horse radish peroxidase 
conjugate, TAGO, Inc., Burlingame, CA. 

5) TBST buffer: 

Tris-HCI, pH 7.2, 50 nM 

NaCI - 150 mM, 

Triton X-1 00 o.1% 

6) HNTG 5X stock: 

HEPES o.1 M 

NaCI 0.75 M 

Glycerol 50 % 

Triton X-100 1.0% 
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7) ABTS stock: 

Citric Acid 100 rnM 

Na2HP0 4 250 mM 

HCI, cone. 4.0 pH 

ABTS* 0.5 mg/ml 

*(2,2' -azinobis (3-ethylbenzthiazolinesulfonic acid) . Keep solution 
in dark at 4 Q C until use. 

8) Stock reagents of: 

EDTA 100mM;pH7.0 
Na 3 V0 4 0.5 M 

Na4PQ 0.2 M 

Procedure 



Pre-coat ELISA Plat* 

A. Coat ELISA plates (Coming, 96 well, Cat. #25805-96) with 
05-101 antibody at 0.5 \ig per well in PBS, 150 ul final 
volume/well, and store overnight at 4 D C. Coated plates are 
good for up to 10 days when stored at 4 Q C. 



On day of use, remove coating buffer and replace with 
blocking buffer (5% Carnation Instant NonFat Dry Milk in 
PBS); Incubate the plate, shaking, at room temperature (about 
23°C to 25°C) for 30 minutes. Just prior to use, remove 
blocking buffer and wash plate 4 times with TBST buffer. 
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Seeding Hp.Ic 

A. EGFR/C7 cei, line (Honegger. e, a,., Mjc,^ used for 
this assay. 



B. 



Choose d,shes having 80-90% confluence for the experiment 
Tr*>s,n,ze cefie and atop reaction by adding ,„% CS DMEM 
medium Suapend oeiia in DMEM medium (10% CS DMEM 
med,um, and centrifuge onoe a, ,000 rpn, and onoe a, room 
temperature for 5 minutes. 

Resuspend ceils in seeding medium (DMEM, 0.5% bovine 
amm,. and count the oe, fe using trypan biue. Viabiifiy 
0% ,a acceptabte. Seed oeiis in DMEM medium (0.5% 

bene serum, at a densfiy of ,0,000 ceifs per we», ,00 p, per 

we,,, ,n a 96 „e,i m»ro„ ter piate. ,„cuba,e seeded ceiis h 5% 

C02 at 37°C for about 40 hours. 



III. 



Assay PrnppH MrP c* 
A. 



Check seeded celis for contamlna.ion using an inverted 
m.rosoope Diiute drug stocK „o mg,m, in DMSO, 1 ,ot 
□MEM med,um, then transfer 5 pi t0 a test we,, for a fine, drug 
*t,on o, , :200 and e final DMSO concentration of 1 % 
Control „e„s receive DMSO a,one. incubate in 5% co 2 a, 
37°C for one hour. 



B. 



Prepare EOF figand: dilute stock EOF in DMEM so mat upon 
transfer of ,o p, dilute EGF (,:, 2 dilution) , 25 nM flna , P °" 
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concentration is attained. 



Prepare fresh HNTG* sufficient for 100 u.l per well; and place 



on ice. 

HNTG*: 10m , 

HNTG stock (5x) 2 .0 ml 

milli-Q H 2 0 7.3 ml 

EDTA, (100mM,pH7.0) 0.5 ml 

Na 3 V0 4i (0.5 M) 0 .1 ml 

Na 4 P0 7> (0.2 M) 0.1 ml 



After two hours incubation with drug, add prepared EGF 
ligand to cells, 10 ul per well, to yield a final concentration of 
25 nM. Control wells receive DMEM alone. Incubate, shaking, 
at room temperature, for 5 minutes. 



Remove drug, EGF, and DMEM. Wash cells twice with PBS. 
Transfer HNTG* to cells, 100 ul per well. Place on ice for 5 
minutes. Meanwhile, remove blocking buffer from other ELISA 
plate and wash with TBST as described above. 



With a pipette tip securely fitted to a micropipettor, scrape cells 
from plate and homogenize cell material by repeatedly 
aspirating and dispensing the HNTG* lysis buffer. Transfer 
lysate to a coated, blocked, and washed ELISA plate. 
Incubate shaking at room temperature for one hour. 
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Remove tysate end ween 4 times with tb St . Transfer 
d,luted anti-Ptyr antibody , 0 EUSA plate at 100 pf p er we „ 
Incubate shaking at room temperature for 30 minutes in the 
presence of .he anti-Pfyr antiserum (1 :3000 dilution in TBST). 

Remove the anti-Ptyr antibody and wash 4 times wilt, TBST 
Transfer the freshly diiuted TAGO 30 anti-rabbit IgG antibody 
(antHabbi. tgG antibody: 1 :3000 diiution in TBST) to the 
EUSA plate at !00 pi per well. Incubate shaking at mom 
temperature for 30 minutes. 

Remove detection antibody and wash 4 times with TBST 
Transfer freshly prepared ABT S/H 2 o 2 solution to ELISA 
Plate, 100 p. per well, .neonate a, room temperature for 20 
mmutes. ABTS/H2O2 solution: ,.2 p, 30% in ,0 m, 

ABTS stock. 



Stop reaction by adding 50 ul 5N H 2 S0 4 (optional), and 
determine O.D.at410nm. 



K. 
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EXAMPLE 2 
EGFR-HER P Chimeric Rppgtnr 



HER2 kinase activity (EGFR-3T3) in whole cells was measured as 
described below: 



Materials & Reagents 



. The materials and regeants are identical to these used in example 1 , 
the EGFR whole cell kinase assay. 

Procedure 



Pre-coat ELISA Plata 

A. Coat ELISA plates (Corning, 96 well, Cat. #25805-96) with 
05-101 antibody at 0.5 g per well in PBS, 100 u.l final 
volume/well, and store overnight at 4°C. Coated plates are 
good for up to 10 days when stored at 4°C. 



B. On day of use, remove coating buffer and replace with 100 u.1 
blocking buffer (5% Carnation Instant Non-Fat Dry Milk in 
PBS). Incubate the plate, shaking, at room temperature (about 
23 D C to 25 a C) for 30 minutes. Just prior to use, remove 
blocking buffer and wash plate 4 times with TBST buffer. 

II. Seeding Cells 

A. An NIH3T3 cell line overexpressing a chimeric receptor 

containing the EGFR extracellular domain and extracellular 
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HER2 kinase domain can be used for this assay. 

• Choose dishes having 80-90% confluence for the experiment 
Tryps^e cells and stop reaction by adding 10% feta bov ne 
serum. Suspend cells in DMEM medium (10% CS DMEM 
med.um) and centrifuge once at 1500 rpm, at room 
temperature for 5 minutes. 

Resuspend cells in seeding medium (DMEM, 0.5% bovine 

90/. ,s acceptable. Seed cells in DMEM medium (0 5% 
bov,ne serum) at a density of 10,000 cells per well 100 u, Dfir 

C0 2 at 37°C for about 40 hours. 

Assay PrnrorV,-^ 

Chock se6d d M|ls for contamjnat . on us . ng an 

DMEM medium, rhor, transfer 5 , |0 , test we „ (or . flna| 

Con, rol we ,,s recede DMSO alone, mcubate j n 5% co? a , ' 
37 C for two hours. 

Prepare EGF ligand: dilute stock EGF in DMEM so that unnn 
transfer of 10,1 dilute EQFn«dMo^ioo^iS ^ 
concentration is attained. 

Prepare rresH HNTG - sufflc ,, nt for , 00( „ ^ ^ ^ ^ 
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HNTG*: 10m | 
HNTG stock 2.0 ml 

milli-Q H 2 0 7.3 ml 

EDTA, 1 00 mM, pH 7.0 0.5 ml 

Na 3 VO 4l 0.5M o.1 ml 

Na4PO7,0.2M 0 .1 ml 

D. After 120 minutes incubation with drug, add prepared SGF 
ligand to cells, 10 u.1 per well, to a final concentration of 100 
nM. Control wells receive DMEM alone. Incubate, shaking, at 
room temperature, for 5 minutes. 

E. Remove drug, EGF, and DMEM. Wash cells twice with PBS. 
Transfer HNTG* to cells, 100 nl per well. Place on ice for 5 
minutes. Meanwhile, remove blocking buffer from other ELISA 
plate and wash with TBST as described above. 



With a pipette tip securely fitted to a micropipettor, scrape cells 
from plate and homogenize cell material by repeatedly 
aspirating and dispensing the HNTG* lysis buffer. Transfer 
lysate to a coated, blocked, and washed ELISA plate. 
Incubate shaking at room temperature for one hour. 



Remove lysate and wash 4 times with TBST. Transfer freshly 
diluted anti-Ptyr antibody to ELISA plate at 100 ul per well. 
Incubate shaking at room temperature for 30 minutes in the 
presence of the anti-Ptyr antiserum (1 :3000 dilution in TBST). 



H. 



Remove the anti-Ptyr antibody and wash 4 times with TBST. 
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Transfer Ihe freshly diluted TAGO ami-rabbi, IgG antibody 
(antHabb,. IgG antibody: 1.3000 dilution in TBST) to the 
ELISA plate a, 100 p. per well. Incubate shaking a. room 
temperature for 30 minutes. 

5 

' Remove detection an «body and wash 4 times with TBST 

Transfer freshly prepared ABTS/H 2 0 2 solution (ABTS/H 2 0 2 
solution: 1.0 M l 30% H 2 0 2 in 10 ml ABTS stock) to ELISA 
Plate^ 100 jj| per well. Inoubate shaking at room temperature 
,u for 20 minutes. 



Stop reaotion by adding 50 pi 5N H 2 S0 4 (opliona,,. and 
determine O.D. at 410 nm. 



K. Tbe maximal phosphotyrosine signal is determined by 

subtracting the value of the negative controls from the posKive 
oontrols. The percent inhibition of phosphotyrosine content for 
exlmct-ccrtlaining wells is men calculated, after subfraction of 
the negative controls. 



20 



EXAMPLE 3 
HER2-EI ISA 



HER2-BT474 assays measuring whole cell hpro * 
25 carried out as described below: Was 



Materials ft Rearp pfg 
1 • The cell line used 



in this assay is BT-474 (ATCC HBT20), a human 
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breast tumor cell line which expresses high levels of HER2 kinase. 



BT-474 is grown in an incubator with 5% C0 2 at 37°C. The growth 

media is RPMI + 10% FBS + GMS-G (Gibco - supplement) + 
Glutamine. 

A monoclonal anti-HER2 antibody is used in ELISA. 



D-PBS: 

KH 2 HP0 4 0.20 g/l 1 0 (GIECO, 31 0-41 90AJ) 

K 2 HP0 4 2.16 g/l 

KCI 0.20 g/l 

NaCI 8.00 g/l pH 7.2 



Blocking Buffer: TBST plus 5% Milk (Carnation Instant Non-Fat Dry 
Milk). 

TBST buffer: 

Tris-HCI 50 mM pH 7.2 (HCI, 10 N) 

NaCI 150 mM 

Triton X-1 00 0.1% 
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7. HNTG buffer 
5 HEPES 
NaCI 



20 mM; pH 7.2 (HCI, 1 N) 

150 mM 
Glycerol 1Q% 



Triton X-100 o 2 o /o 



» 0 Stock solution (5x) is prepared and kept - - 



in 4 C. 



8- EDTA-HCI: 0.5 M pH 7.0 (,0 N HCI, as SOOX stock. 

^ * Na3V04: „ Mas 100Xstockfekept m . 80 . Casai . quote 
10. Na 4 P 2 o 7:0 iM as IOOX stock. 
1 1 ■ Polyclonal antiserum anti-phosphotyrosine. 

20 12- Goat anti-rabbit IgG, horse raddish peroxidase 

25 13. ABTS solution: 
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Citric acid 100 mM 

Na 2 HP0 4 250 mM; pH 4.0 (1 N HCI) 

ABTS 0.5 mg/ml 



ABTS: 2.2' -azinobis(3-ethylbenzthiazolinesulfonic acid) 

• *ABTS solution should be kept in the dark at 4°C. The solution 
should be discarded when it turns green. 



14. Hydrogen Peroxide: 30% solution is kept in dark and 4°C. 



Procedure 

All the following steps are at room temperature and aseptically 
unless stated otherwise. All ELISA plate washing is by rinsing with distilled 
water three times and once with TBST. 



1 Cell Seeding 

(a) Grow BT474 cells in tissue culture dishes (10 cm, Coming 
25020-100) to 80-90% confluence and collect using Trypsin- 
EDTA (0.25%, GIBCO). 

(b) Resuspend the cells in fresh medium and transfer to 96-well 
tissue culture plates (Corning, 25806-96) at about 25,000- 
50,000 cells/well (100 ul/well) . Incubate the cells in 5% C0 2 
at 37°C overnight. 



WO 96/40648 

PCT/US96/08877 

42 

a £L1SA Plate C o ating and Biaslfl Dg 

(a) Coat the EUSA p,ate (Coming 25805-96) wrth anti HER2 
antibody at 0.5 ug/wel, in 150 ,1 PBS overnight at 4°C and 
-a. w*h para*,,. The antibody coated p.ates can be used up 
to 2 weeks, when stored at 4°C. 



(b) 



On the day of use, remove the coating solution replace with 
200 , of Blocking Buffer, shake the p,ate, and 

9 " ^ ^ ^ P ' ate ** **• Adding 



Assay PmroH,,^ 

(a) 



(b) 



TBST tne drugs ,„ serun,,ree condi , ion Bsfore adding ^ ow ^ 

Dilute drug stock (in 100% DMSO) 1:10 wilh RPMI and 
transfer 1 0 ^e., of this soiution to ,he ceife ,o achieve a Una, 
drug DMSO concentration at 1%. lncubale tne ^ .„ 5% ^ ^ ^ 

(c) Prepare fresh cell lysis buffer (HNTG*) 
HNTG 2mJ > 

EDTA 0.2 ml 

Na 3V0 4 o. 1 ml 

Na 4 P 2 0 7 o. 1 ml 

H 2° 7.3 ml 

HNTG* 10 mJ 

W After drug preincubation for two hours remove a„ the solution 
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(e) Use a 1 2-channel pipette to scrape the cells from the plate, 
and homogenize the lysate by repeat aspiration and 
dispensing. Transfer all the lysate to the ELISA plate and 
shake for 1 hour. 

(f) Remove the lysate, wash the plate, add anti-pTyr (1 :3,000 with 
TBST) 100 uJ/well, and shake for 30 minutes. 

(g) Remove anti-pTyr, wash the plate, add goat anti-rabbit IgG 
conjugated antibody (1:5,000 

with TBST) 100 nl/well, and shake for 30 minutes. 

(h) Remove anti-rabbit IgG antibody, wash the plate, and add 
fresh ABTS/H 2 0 2 (1 .2 uf H 2 0 2 to 1 0 ml ABTS) 1 00 
l/we1l to the plate to start color development, which usually 
takes 20 minutes. 



(I) Measure OD 41 0 nM, Dynatec MR5000. 



25 



20 EXAMPLE 4 

PDGF-R CfillMlq r Accpy 

The PDGF cellular kinase assay was carried out as follows: cells are 
lysed in 0.2 M Hepes, 0.15 M NaCI, 10% V/V glycerol, 0.04% Triton X-100, 
5 mM EDTA, 5 rnM Na+ vanadate and 2 mM Na+ pyrophosphate; cell 
lysates are then added to an ELISA plate coated with an anti-PDGF 
receptor antibody (Genzyme); ELISA plates are coated at 0.5 w of 
antibody/well in 150 >il of PBS for 18 hours at 4°C prior to the addition of 
the lysate; the lysate is incubated in the coated plates for 1 hour and then 
washed four times in TBST (35 mM Tris-HCI pH 7.0, 0.15 M NaCI, 0.1% 
Triton X100); anti-phosphotyrosine antibody (100 ul in PBS) is added and 
the mixture is incubated for 30 minutes at room temperature; the wells were 
then washed four times in TBST, a secondary antibody conjugated to POD 
(TAGO) is added to each well, and the treated well are incubated for 30 



30 
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minutes at room temperature; the wells are then wash^n * , 
TBST ARTQ/w^r, . ^ . washed four fames in 

TOST, ABTS /H 2 0 2 solufcon . added ,o each we,, and ,he we„s are 
•ncubated (or two minutes; absorbance is then measured a, 410 nm. 
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EXAMPLE 5 



Cellular IGF-1 Recentnr F| |fi A (Version |) 



U1242 MG cells were plated in 96-well plates at a concentration of 5 x 
5 10 4 cells/well in cultured media containing 0.5% FBS. The cells were 
incubated for 24 hours. The cells were then treated with a particular 
compound for 2 hours followed by the addition of 100 ng/ml PDGF-BB and 
incubation for 10 minutes. 

Cells were lysed in 0.2 M Hepes, 0.15 M NaCI, 10% V/V glycerol 
10 0.04% Triton X-100, 5 mM EDTA, 5 mM Na+ vanadate and 2 mM Na+ 
pyrophosphate. Cell lysates were then added to an ELISA plate coated 
with an anti-PDGF receptor antibody (Genzyme). ELISA plates were 
coated at 0.5 |ig of antibody/well in 150 jxl of PBS for 18 hours at 4°C prior 
to the addition of the lysate. 



The lysate was incubated in the coated plates for 1 hour and then 
washed four times in TBST (35 mM Tris-HCI pH 7.0, 0.15 M NaCI, 0.1% 
Triton X-100). Anti-phosphotyrosine antibody (100 pi in PBS) was added 
and the mixture was incubated for 30 minutes at room temperature The 
wells were then washed four times in TBST, a secondary antibody 
conjugated to POD (TAGO) was added to each well, and the treated well 
were incubated for 30 minutes at room temperature. The wells were then 
washed four times in TBST, ABTS/H 2 0 2 solution was added to each well 
and the wells were incubated for two minutes. Absorbance was then 
measured at 410 nm. 



MATERIALS AND RFAftFN Tg 

(1) . The cell line used in this assay is 3T3/IGF-1R, a cell line which 
overexpresses IGF-1 Receptor. 

(2) . 3T3/IGF-1R is grown in an incubator with 5% C02 at 37oC. The 
growth media is DMEM + 10% FBS (heat inactivated)* 2mM L-Glutamine. 
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(3) . For EUSA plate coating, the anU-IGF-1R antibody named 17 69 i« 
uaed. Amtbodies are p Unfl ed D y the Enzymotooy Ub. SUGEnTo 

(4) . D-PBS: 

KH2P04 0.20 g/l (GIBCO.310-4190AJ) 

5 K2HP04 2.16 g/l 

KCI 0.20 g/l 

Na CI 8.00 g/l; pH 7.2 

Dry £ B,OCWn9 BUffer: TBST ^ 5% * (Carnation .nstant Non-Pat 

1° (6). TBST buffer: Tris-HC. 50 mM NaCI 150 mM pH 7 2 (HCI 10 NM 

Tnton X-100 0.1% Stock solution of TBS firm } 
100 is added to the buffer during di,u!io n ' ' ^ ^ ^ * 

(6) . HNTG buffer: HEPES 20 mM Nad 150 mM pH 72 (HCI m 
^ Glyoero, 1 0% Triton X-100 0.2 *. Stock solution (5X) is ^ J 

(7) . EDTA.HCI: 0.5 M pH 7.0 (NaOH) as 100X stock. 

(8) . Na3V04: 0.5 M as 100X stock and aliquots are kept in -80»C. 

(9) . Na4P207: 0.2 M as 100X stock. 

(10) . Insulin-like growth factor-1 from Promega (Cat# G5111). 

(11) . Polyclonal antiserum Anti-phosphotyrosine: 
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ethylbenzthiazolinesulfonic acid) •. ABTS solution should be kept in dark 
and 4oC. The solution should be discarded when it turns green. 

(14). Hydrogen Peroxide: 30% solution is kept in the dark and at 4oC. 

V. PROCFDURF 

All the following steps are conducted at room temperature unless it is 
specifically indicated. All ELISA plate washings are performed by rinsing 
the plate with tap water three times, followed by one TBST rinse. Pat plate 
dry with paper towels. 

1. Cell Seeing 

(1) . The cells, grown in tissue culture dish (10 cm, Coming 25020- 
100) to 80-90% confluence, are harvested with Trypsin-EDTA (0.25% o 5 
ml/D-100, GIBCO). ' ' 

(2) . Resuspend the cells in fresh DMEM + 10% FBS + 2mM L- 
Glutamine, and transfer to 96 - well tissue culture plate (Coming, 25806-96) 
at 20,000 cells/well (100 ul/well). Incubate for 1 day then replace medium 
to serum-free medium (90/ul) and incubate in 5% C02 and 37oC overnight. 

2. ELISA Plata fat ing and Rln^irfg 

(1) . Coat the ELISA plate (Coming 25805-96) with Anti-IGF-1R 
Antibody at 0.5 ug/well in 100 ul PBS at least 2 hours. 

(2) . Remove the coating solution, and replace with 100 ul Blocking 
Buffer, and shake for 30 minutes. Remove the blocking buffer and wash the 
plate just before adding lysate. 

3. Assay PrnrAri, .me 

(1) . The drugs are tested in serum-free condition. 

(2) . Dilute drug stock (in 100% DMSO) 1:10 with DMEM in 96-well 
poly-propylene plate, and transfer 10 ul/well of this solution to the cells to 



10 lysed 
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incubate the cells i„ 5% C02 at 37°C for 2 here. 

(3) . Prepare fresh cell lysis buffer (HNTG HNTG 2 m i mr, „ 
NS3V04 0, m, Na4 P207 0, m, H20 7.3 m, HNTGMOml. " "" 

(4) . After drug incubation for two hours, tnansfer Itf ul/wel, 0. 200nM 
IGF-, bgand m PBS to the cells (Final Cone = 20 nM) and incl, . 
C02 a, 37-C for ,0 minutes. * S% 

(5) . Remove media and add lOOul/well HNTG- and , 
minutes. Look a, cells under microscope ,0 seeTJT 1 ° 
lysed. " ""^ are adequately 



(6). Use a 12-channel pipette to scrape the cells f mm .h , 
Homogenize the lysate by repeat aspiration « CTt^? 

abt^t™:^^ ,he pia,e ' and «- 

20 color development ' ^ W '° < h * *• * — 

^ J9,. Measure OO ,4,0 nm> in Oynatec MR5000, which is connected to 



EXAMPLE 6 



»ilaLlnsuJ^ 

25 The following protocol describes the cell lin« 

procedures used to measure nhnenh , ' rea9entS and 

«u 10 measure phosphotyrosine level on Insulin d 

«h,ch indicates Insulin Receptor tyrosine Kinase actWy """" 
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MATERIAI § AND ftF^CMjQ 

(1) . The cell line used in this assay is H25 (ATCC #CRL 8017), an 
NIH3T3 cell line which overexpresses Insulin Receptor. 

(2) . H25 cells are grown in an incubator with 5% C02 at 37°C. The 
growth media is DMEM + 10% FBS (heat inactivated)* 2mM L-Glutamine. 

- (3). For ELISA plate coating, the monoclonal anti-IR antibody named 
BBE is used. Antibodies are purified by the Enzymology Lab, SUGEN, Inc. 

(4) . D-PBS: KH2P04 0.20 g/l (GIBCO, 310-4190AJ) K2HP04 2 16 g/l 
KCI 0.20 g/l NaCI 8.00 g/l pH 7.2. 

(5) . Blocking Buffer: TBST plus 5% Milk (Carnation Instant Non-Fat 
Dry Milk) 

(6) . TBST buffer Tris-HCI 50 mM NaCI 150 mM pH 7.2 (HCI, 10 N) 
Triton X-100 0.1%. *. Stock solution of TBS (10X) is prepared, and Triton 
X-100 is added to the buffer during dilution. 

(6) . HNTG buffer: HEPES 20 mM NaCI 150 mM pH 7.2 (HCI 1 N) 
Glycerol 10% Triton X-100 0.2% \ Stock solution (5X) is prepared and 
kept at 4°C. 

(7) . EDTA.HCI: 0.5 M pH 7.0 (NaOH) as 100X stock. 

(8) . Na3V04: 0.5 M as 100X stock and aliquots are kept in -80°C. 
20 (9). Na4P207: 0.2 M as 1 00X stock. 

(10) . Insulin from GIBCO BRL (Cat# 18125039). 

(11) . Polyclonal antiserum Anti-phosphotyrosine: rabbit sera 
generated by Enzymology Lab., SUGEN Inc. 



15 



(12). Goat anti-rabbit IgG, POD conjugate (detection antibody), Tago 
(Cat. No. 4520; Lot No. 1802): Tago, Inc., Burlingame, CA. 
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N HCn AB IL S r i0n: CrtnC ^ Na2HP ° 4 250 mM PH 4.0 (1 

HCI ) ABTS 0.5 mg/ml *. ABTS . 2 2 « 

ethylbenzthiazolinesulfonic acid) *. ABTS solution should be kepITn dark 

and 4»C. The solution should be discarded when it turns green. 

5 (14). Hydrogen Peroxide: 30% solution is kept in the dark and at 4»C. 

IV. PROHFni IPC 

All the following steps are conducted at room temperature unless it is 
spec ,ca„y indicated. A„ ELISA plate washings are performed b s n 

heplate wrth tap water three times, fo.,owed by one TBST rinse Pa Z 
1 0 dry with paper towels. * P ' ate 

1.CellSflflrtj no 

(1). The cells, grown in tissue culture dish (10 cm, Corning 25020 
100) to 80-90% confluence, are harvested with Trypsin-EDTA ( 25 o 0 ' 
ml/D-100, GIBCO). IA (0 25 /o ' °' 5 

15 (2). Resuspend the cells in fresh DMEM + 10% FBS + 2mM L . 

G.utam,ne, and transfer to 96 - well tissue culture plate (Coming 25806 961 
at 20^ ^ „ (1 jncubate for i ^ ^ j ;= ) 

" (90/U ° inCUbate ^ 5% C ° 2 3nd 3 ™ 
20 2. ELISA Plsto ^^,- nr| nnfi rUnrrjLuj 

(1) . Coat the ELISA plate (Coming 25805-96) with Anti-.R Antibody at 
0.5 ug/well in 1 00 ul PBS at least 2 houre. V 

(2) . Remove the coating solution, and replace with 100 u. Blockino 
25 plate just before adding lysate. 

3. Assay Procedure 
(1). The drugs are tested in serum-free condition. 
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(2) . Dilute drug stock (in 100% DMSO) 1:10 with DMEM in 96-well 
poly-propylene plate, and transfer 10 ul/well of this solution to the cells to 
achieve final drug dilution 1:100, and final DMSO concentration of 1.0%. 
Incubate the cells in 5% C02 at 37oC for 2 hours. 

(3) . Prepare fresh cell lysis buffer (HNTG*) HNTG 2, ml EDTA 0.1 ml 
Na3V04 0.1 ml Na4P207 0.1 ml H20 7.3 ml HNTG* 1 0 ml. 

(4) . After drug incubation for two hours, transfer 10 ul/well of 1 R M 
Insulin in PBS to the cells (Final Cone = 100 nM), and incubate at 5% C02 
at 37°C for 10 minutes. 

10 (5). Remove media and add 100ul/well HNTG* and shake for 10 

minutes. Look at cells under microscope to see if they are adequately 
lysed. 

(6) . Use a 12-channel pipette to scrape the cells from the plate, and 
homogenize the lysate by repeat aspiration and dispense. Transfer all the 

1 5 lysate to the antibody coated ELISA plate fV.2.(2)], and shake for 1 hour. 

(7) . Remove the lysate, wash the plate, transfer anti-pTyr (1:3,000 with 
TBST) 100 ul/well, and shake for 30 minutes. 

(8) . Remove anti-pTyr, wash the plate, transfer detection antibody 
(1 :3,000 with TBST) 1 00 ul/well, and shake for 30 minutes. 

(9) . Remove detection antibody, wash the plate, and transfer fresh 
ABTS/H202 (1.2 ul H202 to 10 ml ABTS) 100 ul/well to the plate to start 
color development. 

(10) . Measure OD (410nM) in Dynatec MR5000. 



25 EXAMPLE 7 



20 



ELISA Assay To Meas ure KinasP Artiwity 
Of FLK-I Receptor In P| k;.f/M| H 
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An ELISA assay was conducted to mea<;iiro the l.- 

aK-, receptor an, more speomca% , me ~ - 

tyrosine kinase activity on the FbK-i receptor. Pr ° ,e ' n 

6.1. Mate^i. flnrj Mnthoil'i 
Materials. The following reagents and supplies were used: 
^ a. coning 96-weH ELBA plates (Coming Catalog No. 25805- 

b- Cappel Goat anti-rabbit IgG (catalog no. 55641); 

c - PBS (Gibco Catalog No. 450-I300EB); 

1 0 d. TBSW Buffer (50 mM Tris foH 7 < Bn 

Tween-20); (P ^ 150 mM NaC ' and o.1% 



4°C); 



e- Ethano.amine stock m ethanolamine ( pH 7.0), stored at 



f.HIMTG buffer (20mM HEPES buffer (r>H 7« .c^ .„ . 
15 Triton X-IOO, and W% Glyoerol); ^ ^ NaC '' °" 2% 

9- EDTA (0.5 M (pH 7.0) as a IOOX stock); 

h- Sodium Ortho Vanadate (0.5 M as a IOOX stock) 

i.Sodium pyro phosphate (0.2M as a IOOX stock); 

» oJoZT::^ b ° tt0m P °'~ e (APPHed Scientific 

k N1H3T3C7#3 Cells (FLK-I infected cells); 
1- DMEM with IX high glucose L Gulatamine (catalog No. 11 965 . 



m. 



FBS, Gibco (catalog no. 16000-028); 
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n. L-glutamine, Gibco (catalog no. 25030-016); 

0. VEGF, PeproTech, Inc. (catalog no. 100-20) (kept as 1 ug/100 
ul stock in Milli-Q dh^O and stored at -20°C; 

p. Affinity purified anti-flk-l antiserum, Enzymology Lab, Sugen, 

Inc.; 

q. UB40 monoclonal antibody specific for phophotyrosine, 
Enzymology Lab, Sugen, Inc.; 

r. EIA grade Goat anti-mouse IgG-POD (BioRad catalog no. 
172-1011) 

S. 2,2-azino-bis(3-ethylbenz-thiazoline-6-suifonic acid (ABTS) 
solution (100mM citric acid (anhydrous), 250 mM Na2HP0 4 (pH 4.0), 0.5 
mg/ml ABTS (Sigma catalog no. A-1888)), solution should be stored in dark 
at 4°C until ready for use; 

t . H 2 0 2 (30% solution) (Fisher catalog no. 1 1325); 

u. ABTS/H 2 0 2 (15ml ABTS solution, 2 ul H 2 0 2 ) prepared 5 
minutes before use and left at room temperature; 

v. 0.2 M HCI stock in H 2 0; 

w. dimethylsulfoxide (100%) (Sigma Catalog No. D-8418) ; and 
y. Trypsin-EDTA (Gibco BRL Catalog No. 25200-049) 

Protocol. The following protocol was use d to conrinrt th e ELISA As^y 

1. Coat Coming 96-weil elisa plates with I.Oug per well Cappel 
Anti-rabbit IgG antibody in 0.IM Na2C03 pH 9.6. Bring final volume to 150 
ul per well. Coat plates overnight at 4°C. Plates can be kept up to two 
weeks when stored at 4°C. 
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2. Grow cells in 30 ml of Growth media (DMEM 2 OmM L 
Glutamine. 10% FBS) un.il contluen, in 150cm tissue cMure ^ | 
37 a C, 5% C0 2 



3. Harvest cells by tyrpsination and seed In Corning 25850 

:r::r en roundbottom ce " p,ates - 25 -°°° - ™ 

- 4. Grow cells at least one day at 37°C, 5% C0 2 . 



5. Wash cells with D-PBS IX. 
6. 



Add 200uUwe.l of starvation media (DMEM, 2.0mM 1- 
10 Glutamine, 0.1% FBS). Incubate overnight at 37°C, 5% CO2. 

7 Dilute Compound 1 :20 in poiyproplyene 96 well p.ates using " 
starvafon media. Dilute dimethylsulfoxide 1:20 for use in control weHs 

8. Remove starvation media from 96 well cell culture plates and 
add 162 ul of fresh starvation media to each well. 



15 9. 



9- Add 18UI of 1:20 diluted Compound dilution (from step #7) to 
each I, plus 1:2Q « methyMde djiutjon to ^ ( - 7 

f0f 3 f » na ' di,Ution « I*™ after cel, stimulation. Final 
dimethylsulfoxide is 0.5 %. .ncubate the plate at 37*C, 5% C Q 2 for two 
hours. 

2 ° 10. Remove unbound antibody from Elisapla.es by inverting plate 

.0 .move ,uid. Wash 3 Umes ^ ^ + ^ * 

Pa. .he plate on a paper towel to remove excss „ qu id and bubbles. 

11, Block plates with TBSW + 0.5% Ethanolamine.pH 7.0 150 ul 
2 5 " ' nCUba,e P ' a,e ** m,nUl8S "* - « microuter p^ 



Wash plate 3 times as described in stepio. 
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13. Add 0.5ug/well affinity purified anti-flk-l polyclonal rabbit 
antiserum. Bring final volume to I50u1/well with TBSW + 0.5% 
Ethanolamine pH 7.0. Incubate plate for thirty minutes while shaking. 

14. Add 180 ml starvation medium to the cells and stimulate cells 
with 20ul/well lO.OmM Sodium Ortho Vanadate and 500 ng/ml VEGF 
(resulting in a final concentration of I.OmM Sodium Ortho Vanadate and 
50ng/ml VEGF per well) for eight minutes at 37°C, 5% C0 2 . Negative 
control wells receive only starvation medium. 

15. After eight minutes, media are removed from the cells and 
10 washed one time with 200ul/well PBS. 

16. Lyse cells in I50ul/well HNTG while shaking at room 
temperature for five minutes. HNTG formulation includes sodium ortho 
vanadate, sodium pyro phosphate and EDTA. 

17. Wash Elisa plate three times as described in step 10. 

15 18 - Transfer cell lysates from the cell plate to elisa plate and 

incubate while shaking for two hours. To transfer cell lysate pipette up and 
down while scrapping the wells. 

1 9. Wash plate three times as described in step 1 0. 

20. Incubate Elisa plate with 0.02ug/well UB40 in TBSW + 05% 
20 ethanolamine. Bring final volume to 150u1/well. Incubate while shaking 

for 30 minutes. 

21 . Wash plate three times as described in step 1 0. 

22. Incubate elisa plate with 1 :10,000 diluted EIA grade Goat anti- 
mouse IgG conjugated horseradish peroxidase in TBSW + 0.5% 

25 ethanolamine, pH 7.0. Bring final volume to 150ul/well. Incubate while 
shaking for thirty minutes. 

23. Wash plate as described in step 10. 
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24. Add ,00 ul of ABTS/H202 solution ,o well, incubate ten 
minutes while shaking. *-"ome ran 

oo ordeveiopmen, reaction. Shake , m inu.e a, recm ,e mperat ure. ReL e 

r:ra,rr s,reamo ' airandread,heEusApia ---^ 
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GROUP III -IN VITRO CELL GROWTH ASSAYS 



10 



15 



EXAMPLE 8 

Sulforhodamine B fSRm A ^ay for Adh^rpnt f^iio 

Sulforhodamine B assays for measuring effects of TBST compounds 
on cell growth were based on procedures described by Skehan et al. J. 
Natl. Cancer Inst. 82:1107, 1990 incorporated herein by reference in its 
entirety, including any drawings. Unless otherwise stated the assays were 
carried out aseptically as follows: 



Material & MftthrtHg 

(1) Sulforhodamine B Sigma Catalog S-90I2 

Working solution: 0.4% Sulforhodamine B = 4 gram/liter 1% Acetic 
Acid. 

(2) Trichloroacetic Acid (TCA) - Fisher Catalog #A322 
Working solution: 10% TCA = 100 gram TCA + 1 liter H 2 0. 

(3) Acetic Acid, Glacial- Fisher Catalog A38 

Working solution: 1 Acetic Acid = 10 ml Acetic Acid + 990 ml H 2 0. 

(4) Tris, crystallized free base - Fisher Catalog 5BP152 

Working solution: 10 mM tris = 1.21 1 gram Trizma base/liter H 2 0. 



25 Procedure 

(1) Aspirate growth media from 96 well plate containing control 
cells or cell treated with compounds, rinse wells 2 or 3 times 
with PBS and layer 200 uJ cold 10O TCA onto each well. Fix 
cells for 60 minutes at 4°C. 



20 
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(2) Discard TCA and rinse wells 5 times with distilled H 2 0. Dry 
plate upside down on paper towel. 



(3) Stain fixed cells for 10 minutes with 100 ul 0;4% SRB 



per well. 



(4) Pour of. SRB soWion and nnce we„s 5 taes with ,% acetic 



(5) Dry plate upside down on paper towel. 



(6) After wells are completely dry, so.ubilize dye with 100 ul 10 
mM Tris base per we., for 5-10 minutes on titer plate shaker. 

(7) Read optica, density at dual wavelength mode 570 nm and 630 

nm on Dynatech ELISA plate reader, Model MR 5000. 
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EXAMPLE 9 
Soft Agar A ssay Prr>t Q/vi| 



The soft agar assay is well known in the art as a method for 
measuring the effects of substances on cell growth. Unless otherwise 
stated the soft agar assays were carried out as follows: 

Material & Rpagon^ 
(1 ) A Water bath set at 39°C and another water bath at 37°C 



2X assay medium is comprised of 2X Dulbecco's 5Modified Eagle's 
Medium (DMEM) (Gibco Cat. # CA400-4ANO3) supplemented by the 
following: 

20% Fetal Bovine Serum (FBS) 2 mM Sodium Pyruvate 4 mM Glut 
amine 

20 mM HEPES 

Non-essential Amino Acids (1 :50 from lOOx stock) 



(3) 1 X assay medium made of IX DMEM supplemented with 1 0% FBS, 1 
mM sodium pyruvate, 2 mM glutamine, 10 mM HEPES, non- 
essential amino acid (1:100 from lOOx stock) 



(4) 



1.6% SeaPlaque Agarose in autoclave bottle 
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(5) Sterile 35 mm Coming plates (FMC Byproducts Cat. 



#50102) 



(6) Sterile 5 ml glass plpets (individually wrapped) 

5 (7) Sterile 15 ml and 50 ml conical centrifuge tubes 

(8) Pipets and sterile tips 

(9) Sterile microcentrifuge tubes 

10 

(1 0) Cells in T75 flasks: SKOV-3 (ACTT HTB77) 

(11) 0.25% Trypsin solution (Gibco #25200-015) 

15 Procedure for makinn tp* h yrr 

(a) Have all the media warmed up in the 37°C water bath. 

(b) To make 1X of assay medium + 0.8% agar: make a 1 :2 (vol.vol) 
dilution of melted agar (cooled to 39°C), with 2X assay medium. 

20 

(c) Keep a., media with agar warm in the 39*C water bath when not in 
use. 



<d) .°i S r n !!' ""I °' 1 X ."" y medium + 0 8% «W Wo dishes and 

should be 



25 gently swiri plate to form a uniform base layer" Bubbles 



avoided. 



WO 96/40648 



PCT/US96/08877 



61 

(e) Refrigerate base layers to solidify (about 20 minutes) . Base layers 
can be stored overnight in the refrigerator. 

5 Procedure for collenting c affe ; 

(a) Take out one flask per cell line from the incubator; aspirate off 
medium; wash once with PBS and aspirate off; add 3 ml of trypsin 
solution. 

0 (b) After all cells dissociate from the flask, add 3 ml of 1X assay media to 
inhibit trypsin activity. Pipet the cells up and down, then transfer the 
suspension into a 15ml tube. 

(c) Determine the concentration of cells using a Coulter counter, and the 
5 viability by trypan blue exclusion. 

(d) Take out the appropriate volume needed to seed 3300 viable cells 
per plate and dilute it to 1.5 ml with 1X assay medium. 

Procedure for making the upper n 4 % agarose 
3 (a) Add TBST compounds at twice the desired final assay concentration; 
+ 1.5 ml of cell suspension in 1X assay medium 10% FBS; + 1.5 ml 
of 1X assay medium + 0.8% agarose*: Total = 3.0 ml IX media 10% 
FBS + 0.4% agarose with 3300 viable cells/ml, with and without 
TBST compounds. 

'(Made by 1 :2 dilution of 2X media with 1 .6% agar for the base layer 
procedure above.) 



(b) 

30 



Plate 1 ml of the Assay Mix onto the 1 ml base layer. The duplicates 
are plated from the 3 ml volume. 



15 
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(c) Incubate the dishes for 2 -3 weeks in a ,00% humidified, ,0% CO, 
incubator. 



W) 



Colonies that are 60 reicrens and lareer are scored positive. 



20 
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EXAMPLE 10 
MCF-7SRR(a r ,. 1n ^-- 1y 

MCF-7 cells are seeded at 2000 cells/ well i„ a 96-wel, flat bet,™ 
Plate in nonna, grewth media, which was ,0% « 8BPM ~ ^d 
w«h2 mM Glutamlne . The p , ate Qf ^ ^ |ncuba(ed forabou) ^~ 

37 C afler which it receives an equal volume o, compound dilution per wefl 
ma kl „ 9 the tota, volume per we,, 200 pf. The compound is prepared 71 
fimes the desired highest flna, concentration and serially dilu^ n 1! 
norma, grow* media in a 96-weU round bottom plate and henTnsLe 
to Plate o, cefls. DMSO serves as me vector control up to 0.2% TZ 

71,8 c * are incubated * 37 ' c in * — « 

Four days following dosing e, compound, the media is ,5 discarded 
and 200 pVwe,, o, ice-cold ,0% TCA (Trichloroacetic Add, is a^ld Tfl* 
cells. After 60 minutes at 4C, the TCA is discarded and the plate is rinsed s 
mes w*h wafer. The plate is then air-dried and ,00 p,/weN o, 0 4%T R B 
Su fomodamine B from Sfcma, 20 in ,% Acefic Acid is added ,o 2 c* 
or ,0 m,„u,es a, reom femperafure. The SRB is discarded and the pla e 
n sed 6 fimes wflh ,% Aceflc Acid. Afler the piafe is oomplefely dried ,00 
MVWe,, of ,0 mM Tris-base is added ,o so,ubi,i 2 e Are dye £TJ? 0 
m.nu,es, ,he p,a,e is read on a Dynarech ELtSA Plate Read a, due 
wavelengths at 570 nm and 630 nm. 
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EXAMPLE 11 
MCF-7/HER-P SRB Growth Assay 

The protocol is basically the same as that above (for the MCF-7 
Growth Assay) except that immediately before the 30 compound is added, 
the normal growth media is removed and 0.5% FBS/RPMI supplemented 
with 2 mM Glutamine is added onto the cells. The compound is also 
prepared in this 0.5% serum media. The plate of cells is incubated for four 
days and developed as usual. 

EXAMPLE 12 
3T3 Growth Assay 
The 3T3 growth assay was carried out as follows: 
Materials and q ftf ,q Q nt e 

(1 ) Dulbecco's Modified Eagle Medium (D-MEM), Gibco 51 1 965-050; 

(2) Calf serum, Gibco 16170-029; 

(3) Trypsin-EDTA, Gibco 25200-056; 

(4) Fetal Bovine Serum Certified, Gibco 16000-028; 

(5) Dulbecco" 5 Phosphate-Buffered Saline (D-PBS), 
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10 Gibco 14190-029; 



(6) •*-»**. B (SRB), Sigma s-90,2 0.4% SRB in , % acelic 



(7) 1 0 mM Tris-base, Fisher BP1 52-5; 



(8) 1 0% TCA, Trichroloacetic acid, Fisher A322-500; 
0 (9) 96-well flat bottom plate (sterile), Coming 08-757-155; 



(10) 100 ml reagent reservoir 9 (sterile), Matrix Technologies 
Corporation, 8086; 

> (11) Sterile pipet tips, Fisher 21-1 97-8E; 



(12) 50 ml sterile TBST tubes, Fisher 05-539-6. 



Cell Lings 

PBS + ~ 08+2 "* — « » «* i. » 



65 

Procedures 

(1 ) HER2C7 (engineered to express HER2) and NIH3T3C7 (as the 

control) cells are used for this assay. NIH3T3C7 cells, are seeded at 
2500 cells/well, 10 fil/well in 10% CS+2 mM GLN DMEM, in a 96 
well plate; HER2C7 cells are seeded at 6000 cells/well, 100 uJ/well 
in 2% FBS+2 mM GLN DMEM, in a 96 well plate. Cells are 
incubated at 37*C, 5% C0 2 overnight to allow for cell attachment to 
the plate; 



(2) The TBST compound is added to the cells at day 2. The compounds 
are prepared in the appropriate growth medium (10% CS + 2 mM) 
GLN DMEM for NIH3T3C7 cells; 2% FBS+2 mM GLN DMEM for • 
HER2C7 cells) in a 96 well plate, and serially diluted. A total of 100 
Hl/well medium of the diluted compounds is added into the cells. 
The total volume of each well is 200 nl. Quadruplicates (wells) and 
1 1 concentration points are applied to each compound tested. 



(3) After the cells are treated with the compound for 4 days, the cells are 
washed with PBS and fixed with 200 ^l/well ice-cold 10% TCA for 
one hour at 0-5*C condition. 



(4) 



(5) 



Remove TCA and rinse wells 5 times with deionized water. Dry 
plates upside down with paper towels. Stain cells with 0.4% SRB at 
100 i£l/well for 10 minutes. 

Pour off SRB and rinse plate 5 times with 1% acetic acid. Dry plate 
completely. 



(6) 



Solubilize the dye with 10 mM Tris-base at 100 jil/well for 10 
on a shaker.. 



25 
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(7) Read the plate at dual wavelengths at 570 nm and 630 nm on 
Dynatech Elisa plate reader. 



EXAMPLE 13 

HUV-EC-n Fllf-1 aeogy 

The HUV-EC-C Flk-1 assay can be performed as follows: 



DAY 0 



1. Wash and trypsinize HUV-EC-C cells (human umbilical 
ve,n endothelial cells, American Type Culture Collection; catalogue no 

10 1730-CRL). Wash with Dulbecco's phosphate-buffered saline (D-PBS- 
obtamed from Gibco BRL; catalogue no. 14190-029) 2 times at about 1 ' 
ml/10 cm2 0 f tissue culture flask: Trypsinize with 0.05% trypsin! 
EDTA in non-enzymatic cell dissociation solution (Sigma Chemical 
Company; catalogue no. C-1544). The 0.05% trypsin was made by diluting 

15 0.25% trypsin/1 mM EDTA (Gibco; catalogue no. 25200-049) in the cell 
dissociation solution. Tn/psinize with about 1 nW25-30 Cm 2 0 f tissue 
culture flask for about 5 minutes at 370 C . After cells have detached from 
the flask, add an equal volume of D-PBS and transfer to a 50 ml sterile 
centrifuge tube (Fisher Scientific; catalogue no. 05-539-6). 

20 2. Wash the cells with about 35 ml D-PBS in the 50 ml sterile 

centrifuge tube by adding the D-PBS, centrifuge for 10 minutes at 
approximately 200xg, aspirate the supernatant, and resuspend wrth 35 ml 
D-PBS. Repeat the wash two more times, resuspend the cells in about 1 ml 
assay medium/15 c m 2 0 f tissue culture flask. Assay medium consists of 
F12K medium (Gibco BRL; catalogue no. 21127-014) + 0 5% heat 
inactivated fetal bovine serum. Count the cells with a Coulter 

Counter(R)(Coulter Electronics, Inc.) and add assay medium to the 
cells to obtain a concentration of 0.8-1 .0x1 05 cells/ml. 
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3. Add cells to 96-well flat-bottom plates at 100 ul/well or 0.8- 
1.0x10* cells/well; incubate -24 h at 37°C, 5% CO2. 

DAY 1 

1. Make up two-fold drug titrations in separate 96-well plates, 
5 generally 50 uM on down to 0 uM. Use the same assay medium as 
mentioned in day 0, step 2 above. Titrations are made by adding 120 
ul/well of drug at 200 uM (4X the final well concentration) to the top well of a 
particular plate column. Since the stock drug concentration is 10 mM and 
in 100% DMSO, the 200 uM drug concentration is 0.5% DMSO. Therefore, 
10 diluent made up of 0.5% DMSO in assay medium (F12K + 0.5% fetal 
bovine serum) is used as diluent for the drug titrations in order to dilute the 
drug but keep the DMSO concentration constant. Add this diluent to the 
remaining wells in the column at 60 ul/well. take 60 ul from the 120 ul of 
200 uM drug dilution in the top well of the column and mix with the 60 ul in 
15 the second well of the column. Take 60 ul from this well and mix with the 
60 ul in the third well of the column, and so on until two-fold titrations are 
completed. When the next-to-the-last well is mixed, take 60 ul of the 120 ul 
in this well and discard it. Leave the last well with 60 ul of DMSO/media 
diluent as a non-drug-containing control. Make 9 columns of titrated drug, 
enough for triplicate wells each for 1) vascular endothelial growth factor 
(VEGF; obtained from Pepro Tech Inc., catalogue no. 100-20), 2) 
endothelial cell growth factor (ECGF; also known as acidic fibroblast growth 
factor, or aFGF; obtained from Boehringer Mannheim Biochemica, 
catalogue no. 1439 600), and assay media control. ECGF comes as a 
preparation with sodium heparin. 

2. Transfer 50 ul/well of the drug dilutions to the 96-well 
assay plates containing the 0.8-1 .0x1 0* cells/100 ul/well of the HUV-EC-C 
cells from day 0 and incubate -2 h at 37°C, 5% CO2. 

3. In triplicate, add 50 ul/well of 80 ug/ml VEGF, 20 ng/ml 
ECGF, or media control to each drug condition. As with the drugs, the 
growth factor concentrations are 4X the desired final concentration. Use the 



10 
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assay media from day 0 step 2 to make the concentrations of growth 
factors, .ncubate -24 h at 370 C , 5% CG 2 . Each well will have 50 u. drug 
dilution 50 u. growth factor or media, and 100 u. cells, = 200 u.we„ total 
Thus the 4X concentrations of drugs and growth factors become 1X once 
everything has been added to the wells. 

PAY 2 

1. Add 3 H -thymidine (Amersham; catalogue no TRK-68m 
at 1 uCwel, (10 u,we„ of 100 * solution made up in RPMi^d Tt 
10% heat-inactivated fetal bovine serum) and incubate -24 h at 370 C Sy 
C0 2 . Note: 3 H -thymidine is made up in RPMI media because all of the 

other applications for which we use the 3 H -thymidine involve experiment, 
done in RPM1 . The media ^ ^ ^ ^ ^ J~ 

RPMI was obta.ned from Gibco BRL, catalogue no. 11875-051. 
DAY 3 

1 . Freeze plates overnight at 20°C. 

DAY 4 

1. Thaw plates and harvest with a 96-well plate harvester 
(Tomtec Harvester 96(R)) onto filter mats (Wallac; catalogue no. 1205-401)- 
read counts on a Wallac Betap.ate(TM) liquid scinti(|atjon 



EXAMPLE 14 
j.GF-1 Receptor 

Screen III 

25 Cell lines: 3T3/IGF-1R (10% FBS/2 mM glutamine/DMEM) 
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NIH 3T3 c7 (10% calf serum/2 mM glutamine/DMEM) 

NOTE: NIH 3T3 cells (and cells derived from them) should 
never be allowed to become confluent because this increases 
the chance of spontaneous transformation. If they show signs 
of being transformed (morphological changes, piling up, 
moving into clumps), throw them away and thaw a fresh batch.' 



Materials: 1 0% FBS/2 mM glutamine/DMEM 
0.5% FBS/2 mM glutamine/DMEM 
1 0 1 0% calf serum/2 mM glutamine/DMEM 

IGF-1, 5 hM in sterile PBS (Promega/Fisher cat. #G5111) 
DMSO, tissue culture grade (Sigma cat. #D 2650) 
Hits from screen II, 100 mM in DMSO 
96-well plates, flat and round bottom 
» 8 channel pipettor and sterile tips 

sterile reagent reservoirs 
sterile tubes (1.5 or 15 ml) 



Methods (carry all steps out under asceptic conditions until fixing the cells 
fortheSRB assay): 



Day 0: Cell Plating - Trypsinize and count 3T3/IGF-1R and NIH 3T3 
c7 cells. Dilute in growth media to 2000 cells/200 uJ and seed 
flat bottom 96-well plates with 200 uVwell, one plate for two 
compounds for each cell line. 
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Day 1: Compound preparation - Add DMSO to each compound to 
make 100 mM stock solutions. If a compound does not go into 
solution with vortexing, add extra DMSO to make 50 mM or 
less, as required. 



Aliquot each compound to 3-4 sterile screw cap tubes and 
store at -20°C. After thawing, make sure the compound has 
gone completely back into solution. Throw away after 3 
freeze/thaws. 



3TMGF-1R cells- For each 96-well plate, make 15 ml of 10 
nM IGF-1/0.5% FBS/2 mM g.utamine/DMEM (30 ul of 5 uM 
IGF-1/15ml). 



Aliquot 1.5 ml 10 nM IGF-1/0.5% FBS to a sterile tube for each 
compound to be tested (the first time a compound is tested 
use a 15 ml tube in case it is necessary to add extra medium 
to get it into solution). 



Add s Ml of 100 mM stock of eaoh compound ,o a tube sc 20 0 
* nal - Shake ° r TOrt <* ""til it goes into solution it ft is 
necessary , 0 add additional medium, note the final 
concentration. 

For the DMSO control, prepare 0.5 ml/plate of 0.2% DMSO/10 
nM IGF-1/0.5% FBS (2 uJ DMSO/ml). 
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For every two compounds, aliquot 130 ul 10 nM IGF-1/0.5% 
FBS to wells in columns 2-1 1 of a 96-well round bottom plate. 



Add 260 uf of each compound to four wells in column 12. 



Do 2-fold dilutions (130 ul) from columns 12 to 3 on each 
plate (column 2 will be for the untreated control), mixing 
thoroughly. 



Remove medium from 3T3/IGF-1 R cells, one plate at a time. 



Transfer 120.nl from each well on a compound dilution plate 
to the corresponding well of cells. 



Add 120 ul 0.2% DMSO/10 nM IGF-1/0.5% FBS to four wells 
in column 1. 



Add 120 ul 0.5% FBS (without IGF-1) to other four wells in 
20 column 1 for negative control. 



15 



NIH 3T3 c7 cells - Carry out the same steps as for 3T3/IGF-1 R 
cells except use 10% calf serum instead of 0.5% FBS and do 
not include IGF-1. 
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Day 4: Refeed . Repeat steps ^ ^ ^ ^ ^ ^ 
and compound concentration to each well as before. 



Days. Anelys, 0 f ce„s - Look at wells with the highest 
concentrations for each compound to make sure it has not 
precipitated, ff so, ma* wells and do not use for data 
calculations. 



Also scan p,a,es ,o make sure none of me wells are 
contamtnaled. tf so. mark wells and do not use for dafa 
calculations. 



Detecton - Follow fhe sfeps for fixing and staining described 
in the SOP for SRB Assays. 



Wheneven D ato a„a, y s fe . Find averages and 
each set of four OD's. 



Using wells in column 2 (, re a,ed with IGF-1 but not 
compound, as ,00%, cafculate percent of control for each 
concentration of compound. 



Detemtine the ,o,d difference between me IGF-1-treated and 
untreated cells. It should be 2-3-fold. 
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Determine the percent of control for 0.2% DMSO. If It Is less 
than 95%, do not use the highest compound concentration to 
calculate the IC50 value. 



Use a curve fit method to graph percent of control 
log(molar concentration) and determine the IC 50 . 
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GROUP IV -IN VIVO 

Example 15 

VEGF Egjlej 
basic BESSSdUIigS 



5 BW VEGF packaged i„,„ a tinte- relea se pelle, and i mp ,an,ed 
su^aneously on the abdomen „ nude m ,ce. Th,s imp,an, JLe a 
redd n,ng respons a and subsequent swefcg areund me pellet. 

ZZ^ZV" te ,0 implam RM lnhibi,ore in 



Materials - 



VEGF- human , recombinant, lyophilized (Peprotech Inc 
Princeton Business Park, G2; P.O. box 275, Rocky Hill NIJ 
08553) 



20 



VEGF Packaged into 21 day release pellets by innovative Research 
o. Amenca, using patented matrix driven delivery system. Pelle 

10 and 100 ng/day release of VEGF. (l „ novative Research 
3361 Executive Partway. P.O. box 2746, Toledo, Ohio 43606) 



Methylcellulose 



25 



Water (sterile) 
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Methanol 

Appropriate drugs/inhibitors 
10 cm culture plates 



parafilm 



Methods - 



VEGF purchased from Peprotech and sent to Innovative Research 
for Custom Pellet preparation. 



Methylcellulose prepared at 1.5% (w/v) in sterile water 



Drugs solublized in methanol (usual concentration range = 10 to 
20 mg/ml) 



Place sterile parafilm in sterile 10 cm plates 



150ul of drug in methanol added to 1.35 ml of 1.5% 
methylcellulose and mixed/vortexed thoroughly. 



10 



15 



20 



25 
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25ul aliquots of homogenate placed on parafilm and dried into 
discs. 



Mice (6-10 v*. Balb/C athymic nu/nu, female) anesthetized via 
■soflurane inhalation. VEGF pellets and methylcellulose diace 
implanted subcutaneously on the abdomen. 

■Baponr SC0r6d a ' ^ h ° UrS * h ° Ure reddenin9 and 

Experimen tal Desig n 

N = 4 animals/group 

Controls- VEGF pellet + drug placebo 

VEGF placebo + drug pellet 

The examples provided herein describe experiments that indicate 
the compounds of the present invention are useful in inhibiting certain in 

* 30 ;" 01 recep,ore and 0Uier si9nallln9 

call probative and cel, differentiation disorders. Animal mode, systems 
can also be used ,o further measure the therapeutic effect o, a compound 
Examples of suiUble animal models include subcutaneous xenograft 
model and tn s„u mammary fa. pad model. Another suitable animal model 
descnbed herein is the VEGF pellet model. 

Exampta 1R- 
Xenoraft MnHo| 

(e a 1 ' Um0rS '° 9roW " Xen ° 9ranS in 10 a,h *™ mice 

Babfc. nu/nu) provides . usefu| ^ ^ ^ 

b,o,og,ca, response to therapies tor human ,umo re . Since L m 
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successful xenotransplantation of human tumors into athymic mice by 
Rygaard and Povlsen (Rygaard, J. and Povlsen, CO., Acta Pathni 
Microbial. Scand ., 77:758-760, 1969.), many different human tumor cell 
lines (e.g., mammaiy, lung, genitourinary, gastrointestinal, head and 
5 neck, glioblastoma, bone, and malignant melanomas) have been 
transplanted and successfully grown in nude mice. Human mammary tumor 
cell lines, including MCF-7, ZR75-I, and MDA-MB-231, have been 
established as subcutaneous xenografts in nude mice (Warri, A.M. et al 
Jui^LCsncer, 49:616-623, 1991; Ozzello, L and Sordat, M., Eur. J. Canr.J 
10 16:553-559, 1980; Osborne, O.K., et al, Cancer 25 Res., 45:584-590, 1985;' 
Seibert, K., et al, Cancer Ras 43:2223-2239, 1 983). 

To study the effect of anti-tumor drug candidates on HER2 expressing 
tumors, the tumor cells should be able to grow in the absence of 
supplemental estrogen. Many mammaiy cell lines are dependent on 
estrogen for io^e growth in nude mice (Osborne et al., supra), however, 
exogenous estrogen suppresses her2 expression in nude mice (Warri et 
al., supra, Dati, C, et al, Oucogejie, 5:1001-1006, 1990). For example in 
the presence of estrogen, MCF-7, ZR-75-1, and T47D cells grow well in 
Yiyo, but express very low levels of HER2 (Warri et al., supra, Dati, O, et al, 
Qocogejie, 5:1001-1006). 

The following type of xenograft protocol can be used: (1) implant 
tumor cells (subcutaneously) into the hindflank of five- to six-week-old 
female Balb/c nu/nu athymic mice; (2) administer the anti-tumor compound; 
(3) measure tumor growth by measuring tumor volume. The tumors can 
also be analyzed for the presence of a receptor, such as HER2, EOF or 
PDGF, by Western and immunohistochemical analyses. Using techniques 
known in the art, one skilled in the art can vary the above procedures, for 
example through the use of different treatment regimes. 



15 



25 



15 



20 



25 



30 
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Example 17 

Mammary F«t Pn/1 Mnrtrl 

The mammary fat pad model is particularly useful for measuring the 
efficacy of compounds which inhibit HER2, because of the role HER2 pl ays 
. m breast cancer. By implanting tumor cel.s directly into the location of 
■merest, in situ models more accurately reflect the biology of tumor 
development than do subcutaneous models. Human mammary ceil lines 
including MCF-7, have been grown in the mammary fat pad of athymic mice 
(Shafie, S.M. and Grantham, F.H., J. Natl. Cancer Instit., 67:51-56 1981- 
Gottardis, M.M., et al, J. Steroid_Bipd^., 30:31 1-314, (1988). For example 
the following procedure can be used: (1) MDA-MB-231 and MOF-7 cells 
transited with her2 are implanted at various concentrations into the 
ax.llary mammary fat pads of female athymic mice; (2) the compound is 

administered; and (3) tumor growth is measured at various time points The 
tumors can also be analyzed for the presence of a receptor such as HER2 
by Western and immunohistochemical analyses. Using techniques known 
«n the art, one skilled in the art can vary the above procedures, for example 
through the use of different treatment regimes. 

Examp lft 
Toxicity 

Therapeutic compounds should be more potent in inhibiting receptor 
tyros,ne kinase activity than in exerting a cytotoxic effect. A measure of the 
effectless and cell toxicity o, a compound can be obtained by 
de.erm,n,ng the therapeutic Index: IC 50 /LD5 0 . IC 50 , the dose required to 
achieve 50% inhibition, can be measured using standard techniques such 
as those described herein. LD 50 , the dosage which tesults in 50% toxicity 
can also be measured by standard techniques, such as using an MTt' 
assay as described by Mossman J. Immunol. Methods 65:55-63 (1083) bv 
measuring the amount of LDH released (Korzeniewski and Oallewaert 1 
Immunol, Mefhnrts 64:313 (1983): Decker and Lohmann-Matthes ' J 
IWWsUmxte-l 15:61 (1988), or by measuring me ietha, dose m 
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animal models. Compounds with a large therapeutic index are preferred. 
The therapeutic index should be greater than 2, preferably at least 10, more 
preferably at least 50. 

In addition to measuring tumor growth to achieve a compound range 
5 which can safely be administered to a patient in the animal models, plasma 
half-life and biodistribution of the drug and metabolites in plasma, tumors, 
and major organs can be determined to facilitate the selection of drugs 
most appropriate for the inhibition of a disorder. Such measurements can 
be carried out, forxample, using HPLC analysis. Compounds that show 
10 potent inhibitory activity in the screening assays, but have poor 
pharmacokinetic characteristics, can be optimized by altering the chemical 
structure and retesting. In this regard, compounds displaying good 
pharmacokinetic characteristics can be used as model. 

Toxicity studies can also be carried out by measuring the blood cell 
1 5 composition. For example, toxicity studies can be carried out as follows: (1 ) 
the compound is administered to mice (an untreated control mouse should 
also be used); (2) blood samples are periodically obtained via the tail vein 
from one mouse in each treatment group; and 3) the samples are analyzed 
for red and white blood 
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TABLE 1 ELISA DATA 



Compound 
# 


IGF-1R 




PDGFR 


HER2 - 
(BT474) 


HER2 
(3T3) 


D001 


>100 


74.2 


>100 


15.4 


88.6 


D002 


>50 


>100 


>100 


>100 


>50 
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What is Claimed: 



1. 



A compound of the formula: 




5 and pharmaceutical^ acceptable salts thereof, wherein: 

R, and R, are independently selected from the group consisting of: ester, 
carboxamide and (CH 2 ) n (a cyclic group); 

n is 1,2, 3, or 4; and 

R 3 .„ are independently selected from the group consisting of: H, OH, alkyl, 
0 alkoxy, halo, trihalomethyl, cyano, nitro, sulfonyl, carboxy, carboxamide, 
amide, and sulfoxamide. 



2. 



The compound of claim 1 wherein n is 1. 



15 



3. 



The compound of claim 1 wherein n is 2. 



4. 



The compound of claim 1 wherein n is 3. 



The compound of claim 1 wherein n is 4. 
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strucJe 7116 C ° mP0Und °' °' aim 1 WhSre ' n SaW °°~ has ««• 



«2 




wherein 

R, is 6,7-dimethyl or 6.7-dimethoxy; and 



R 2 is selected from the group consisting of 4-(3,5-dimethy.isoxa 2 o-4- y ,) 

0 ^T° Phe T 4 - br ° m0Ph ^' 4 - ni «, 4-(5-methy,is axo-4. 
yDcarbonyl-ammophenyl, 4-(1-cyano-2-hydroxypropeny|). 
carbonylaminophenyl, and 3-(1-cyano-2-hydroxypropenyl)- 
carbonylaminophenyl. 



7. The compound of claim 1 wherein R, is 6,7-dimethyl. 

8. The compound of claim 1 wherein R t is 6,7 dimethoxy. 
9- The compound of claim 1 wherein R, is phenyl. 

10. The compound of claim 1 wherein FL is 4 -, 3 5 
dimethylisoxazo-4-yl). ^ 4 (3,5 ' 



11. The compound of claim 1 wherein R 2 is carbonylamnophenyl. 
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12. The compound of claim 1 wherein Rj is, 4-bromophenyl. 

13. The compound of claim 1 wherein R 2 is 4-nitrophenyl. 

5 

14. The compound of claim 1 wherein 1% is 4-(5-methylisaxo-4- 
yl)carbonyl-aminophenyl. 



15. The compound of claim 1 wherein R, is 4-(1-cyano-2- 
10 hydroxypropenyl)-carbonylaminophenyl. 



16. The compound of claim 1 wherein Rj is 3-(1 -cyano-2- 
hydroxypropenyl)-carbonylaminophenyl. 



15 17. A pharmaceutical composition comprising a compound of 

claim 1 and a pharmaceutical^ acceptable carrier. 



18. A method of inhibiting cell proliferation or differentiation 
comprising exposing said cell to a compound of claim 1. 
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